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GENTLEMEN* 

I AM desirous of prefixing you* 
napaes to these volumes, in token of the 
affectionate attachment to which, from me, 
you are peculiarly entitled* . And I an} 
happy in the opportunity which this publi- 
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Earl Stanhope, chose at an early period the profes- 
sion of arm* In the year 1807 he was appointed 
a/id-de-camp to Genera) Moore, whom he accompa? 
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cation affords me of bringing to your recol- 
lection subjects, in the study of which you 
successfully engaged at a very early period 
of life, and which are of acknowledged im- 
portance in the pursuits of every well edu- 
cated youth. 

In perusing this little work you must 
bear in your minds, that it is not intended 
for proficients in philosophical knowledge, 
but for noviciates in science:— not for your- 
selves in the present advanced stage of your 
progress, but for those young persons who 
are unacquainted with the rudiments of na- 
tural and experimental philosophy. 

I am too well acquainted with the excel- 
lence of your dispositions to suppose it ne- 
cessary for me to apologize for laying before 
you a work that has no extraordinary claim 
to your acceptance. You will, I am sure, ap- 
preciate its value, not so much by its intrin- 
sic contents, as by the good-will with which 
it is presented* 
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. Before t conclude this short address, per- 
mit me to say, that my own happiness will 
ever be much augmented, by the assurance 
of the happiness and distinguished useful- 
ness of those with whom I have spent so 
many years of my life, and to whose perma- 
nent interest, I am sure, you will acknow- 
)edge I have never been inattentive. 

. Sincerely wishing you, Gentlemen, all the 
felicity which the honourable exercise of 
distinguished talents and virtuous mipds caji 
confer upon the possessors, 

I subscribe myself 
Your very affectionate Friend, 

And obedient Servant, 

THE AUTHOR. 

■ • « 

Claptok, Mat, 1800. 
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PREFACE. 



THE Author of these little volumes feels 
himself extremely happy in the opportunity 
which this publication affords him of ac- 
knowledging the- obligations he is under to 
the authois of " Practical Education," for 
the pleasure and instruction which he has 
derived from that valuable work. To this 
he is indebted for the idea of writing oa 
the subject of Natural Philosophy for th£- 
use of children* How far his plan corre- 
sponds with thatsuggested by Mr. Edgewortb, 
in his chapter on Mechanics, must be left 
with a candid public to decide. 

The Author conceives, at least, he shall 
be justified in asserting, that no introduction 
to natural and experimental philosophy has 
been attempted in^a, method £9 fe»ilyir,aud 
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easy as that which he now offers to the. 
t -Uc: — none which appears to. him so 
properly adapted to the capacities of young 
jieople .of ten or .eleven yeaprs of age; a 
period of life, which, from the Author's own 
experience, he is confident, is by no means 
too early to induce in children habits of- 
scientific reasoning. In this opini6n he is 
sanctioned by the authority of Mr. Edge- 
worth. " Parents," says he, £ are anxious 
that children should be conversant wkh 
mechanics, and with what are called 
the mechanical powers.- Certainly no 
species of knowledge is better suited to 
the taste and capacity of youth, and yet it 
seldom forms a part of' -early instruction.. 
Every body talks of the lever, the wedge, 
and the pulley, but most people perceive 
that the notions which tbev have of their 
respective uses are unsatisfactory and in- 
distinct, and many endeavour, at a late 
period of life, to acquire a scientific and 
exact knowledge 1 of the effects that are 
produced by implements that are in every 



body's liands, or that are absolutely neces- 
sary in the daily occupations of mankind." 
• The Author trusts that the whole work 
wtH be found a complete compendium of 
natural and experimental philosophy, not 
only adapted to the understandings of young 
people, but well calculated also to convey 
that kind of familiar instruction which is 
absolutely necessary, before a person can 
attend public lectures in these branches of 
science with advantage. "If/' says Mr. 
Edgeworth, speaking on this subject, « the 
lecturer does not cotttuunicate much of 
that knowledge which he endeavours to 
explain, it is not to ba attributed either to 
his want of skill or to the insufficiency of 
his apparatus, but to the novelty of the 
terms which he is obliged to use. Jgno- * 
ranee of the language in which any 
science is taught is an insuperable bar to 
its being suddenly acquired; besides a 
precise knowledge of the meaning of 
terms, we must have an instantaneous idea 
excited in our minds Whenever they are 
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repeated; and, as this can be acquired 
only by practice, it is impossible that phi- 
losophical lectures can be of much service 
to those who are not familiarly acquainted 
with the technical language in which they, 
are delivered*." 

It is presumed that an attentive perusal 
of these Dialogues, in which the principal 
and most commdn terms of science are care- 
fully explained add illustrated, by a variety 
of familiar examples, will be the means of 
obviating this objection, with respect to per- 
sons who may be desirous of attending those 
public philosophical lectures to which the 
inhabitants of the metropolis have almost 
constant access. 

* Mr. Edgeworth's chapter on Mechanics should be 
recommended to the attention of the reader, but the 
Author feels unwilling to refer to a part of a work* 
the whole of which deserves the careful perusal of all 
persons engaged in the education of youth. 
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FATHER CHARLES— EMMA. 

CHARLES. Father, you told sis* 
ter Emma and me, that, after we 
had finished reading the " Evenings 
at Home" you would explain to us 
some of the principles of natural 
philosophy: will you begin this 
morning ? 

Father. Yes, t am quite at leisure; 
and I shall indeed at all times take 
a delight in communicating to you 
the elements of useful knowledge 

VOL. I. 8 



MECHANICS. 



and the more so in proportion to the 
desire which you have of collecting 
and storing those facts that may 
€nable you to understand the opera- 
tions of nature, as well as the works 
of ingenious artists. These, I trust, 
will lead you, insensibly, to admire 
the wisdom and goodness by means 
of which the whole system of the uni- 
verse is constructed and supported. 

Emma. But can philosophy be 
comprehended by children so young 
as we are ? I thought that it had 
been the business ofm6n, and of old 
men too. 

Father. Philosophy is a word 
which in its original sense signifies 
only a love or desire of Svisdom ; and 
you will not allow that you and your 
brother ure too youhg to wish for 
knowledge. 
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Emma. So far from it, that the 

* 

xnore knowledge I get, the better I 
seem to like it ; and the number of 
new ideas which, with alittle of youf 
assistance, I have obtained frorp the 
" Evenings at Home," and the great, 
pleasure which I have r^qeived fronx 
the perusal of these volumes, will, I 
am sure, excite m$, to read them 
again and again.. 

Father, You will find very little 
in the introductory parts of natural 
and experimental philosophy, that re* 
quires much more of your attention 
than m*ny parts of that work with 
which you have been so delighted. 
Besides, the study of natural philo r 
sophy iipproves and elevates the 
mind by unfolding the itiagnificence, 
the order, and the beauty manifested 
in the construction of the material 

world -, while it offers the most strik- 

> • » 
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ing -proofs of the beneficence, the 
wisdom, and the power of the Creator. 
Charles. But in sopae books of 
natural philosophy, which I have oc- 
casionally looked into, a number of 

m 

new and uncommon words have per- 
plexed me*; I have also seen re- 
ferences to figures by means of large 
letters and stnall, the use of Which I 
did not comprehend: 

Father. It is frequently a dan- 
gerous practice for young minds to 
dip into subjects before they are pre- 
pared, by some previous knowledge, 
to enter upon them ; since it may 
create a distaste for the most interest- 
ing topics. Thus those books which 
you now read with so much pleasure 
would not have afforded you the 

i 

smallest entertainment a few years 
*go. when you must have spelt out 
•iqiost every word in eagh page, 
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The same sort of disgust will natu- 
rally be felt by persons who attempt 
ta read works of science before, the 
leading terms are explained and un- 
derstood. The word angle is continu- 
ally recurring i& subjects of this sort; 
do ypu know what an angle is ? 

Emfflq* I d,9 not think i do; will 
you e^plaiu wh^t it means ? 

Father. An angle, is made by tha 
9pening of two straight* lines* In this 
figure (Plate 1. Fig. I.) there are two 
straight lines ab and c$ meeting at 
the point 9, and the opening made by 
them is called an angle. 

phqrlfi*. Whether that opening 
be small or great, is it still called aq 
angle ? 

F.athex;. It is ; your drawing corn- 

« Straight lines, in works of. science, are 
usually denominated right lines. 

»3 
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passes may familiarize to your mind 
the idea of an angle; the lines in 
this figure will aptly represent the 
legs of the compasses, and the point 
B the joint upon which they move 
or turn. Now you may open the 
legs tq any distance you please, even 
so far that they shall form one 
straight line; in that position only 
they do npt form an angle. In 
every other situation an angle is 
made by the opening of these legs, 
and the angle is said to be greater of 
less, as that opening is greater op 
less. 

Emma. Are not some angles called 
right angles ? 

Father, Angles are either rights 
a$ute t or obtuse. When the line a a 
(Plate 1. Fig. %) meets another line 
dc, in such a njanner as to make the 
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Angles abd and abc equal to one 
another, then those angles are called 
right angles. And the line ab is 
said to be' perpendicular to dc. 
Hence to be perpendicular to, or to 
make right angles with a line, means 
One and the same thing. 

Charles. Does it signify how you 
call the letters of an angle ? 

Father. It is usual to call every 
angle by three letters, and that at the 
angular point must be always the 
middle letter of the three. There are 
cases, however, where an angle may 
be denominated by a single letter, as 
in figures 1 an&3, the angle abc may 
be called simply the angle b, for in 
• these figures there is no danger of 
jnistake, because there is but a single 
angle at the point *. 

Charles. I understand this, for 
jf in the second figure I were to d<> 
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scrfye the angle by, the letter b only, 
you would not know whether I meant 
the apgle abc or abd. 

Father. That is the precise rea- 
spa lyhy it is necessary in ipost de«r 
s r criptions to make use of three letters. 
An acute angle (Fig. 1.) abc is less 
t^w a right spigl?; and an otow? 
angle (Fig. 3.) abc? is grater tbpn % 
right angle, 

Emma. You qee the reason now, 
Charles, why letters are pla9edagains£ 
qj by th; figures, which Ruzsled yiju 
before. 

Charles. , ^ do, th#y are intended 

to distinguish t^e $n«« ate W*l? 9f 
each, in. order to. reader the d^gtyfc. 
tipo. of ttenft easier t>ftth to. the author 
?nd $e reader. 

Emma. WhaJ if the difference 
fefttyeen a^ aggie and a triangle f 

i^^r. iV* afgta b*wg hmwIp 
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by the opening of two lines, and, as 
you know, that two straight lines 
cannot enclose a space, so a triangle 
ABC (Fig; 4.) is a space bounded by 
three straight lines. It takes its name 
from the property of containing three 
angles. There are various sorts of 
triangles, but it is not necessary to 
enter upon these particulars, as I do 
not wish to burthen your memories 
with more technical terms than we 
have occasion for. . * * ' ' 

Charles. A triangle then is a space 
or figure containing three angles, and 
bounded by as many straight lines. 

Father. Yes, that description will 
answer our present purpose. 
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Qf Matter* — Of the Divisibility of 

Matter, 

FATHER, I?p you upderstani 
what philosophers mean when they, 
make use of the word matter ? 

Emma, Are not all things which we 
qee apd fe$l composed of matter ? . 

Father, f-very thing which is the 
pjbject of our senses is composed of 
matter differently modified or ar- 
ranged. But in a philosophical sense 
matter is defined to be an extended, 
solid, inactive* and moveable sub- 
stance. 



Charles. If by extetfsion is meaiit 
length, breadth, and thickness, mat- 
ter, undoubtedly, is an extended sub- 
stance. Its solidity is ako manifest by 

* 

the resistance it makes to the touch. 

Emma. And the other proper* 
ties' nobody will deny, for all mate- 
rial objects are, of themsdves, with- 
out motion'; and yet itrtaay be readily 
conceived, that by the application of 
a proper force there is no body whi(Jh 
cannot be moved. But I remember, 
that you told us something strange 
about the divisibility of matter, 
frhich you said might be continued 
without end. 

Father. I did, sortie time ago, 
mention this as a curious and interest* 
ing siibject, and this is a very fit time 
for me to explain it. 

Charles. Can matter indeed be 
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infinitely divided, for I suppose that 
this is what is meant by a division 
without end. 

Father. Difficult as this may at 
first appear, yet I think it very capa- 
ble of proof. Can you conceive of a 
particle of matter so small as not to 
have an upper and under surface ? 

Otarles. Certainly, every portion 
of matter, however minute, must have 
two surfaces at least, and then I see, 
that it follows of course that it is di- 
visible ; that is, t^e upper surface may 
be separs^ed from the lower. 

Father. Your conclusion is/juat, 

4 

and though there may be particles of 
matter too small * for lis actually to 
divide, yet this arises from the. im- 
perfection of our instruments; they 
must nevertheless, in their nature, be 
divisible. 
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Emma. Jlut you were to give us 
some remarkable jnstance* of the mi* 
. imte division of matter. 

Father. A few years ago a lady 
spun a single pound of wool into 
a thread 168 thousand yards long. 
And Mr. Boyle mentions, that two 
grains arid a half of silk were spun 
into a thread 300 yards in length. 
If a pound of silver, which, you 
know, contains 5760 grains, and 
a single grain of gold be melted to- 
gether, the gold will be equally dif- 
fused through the whole silver, inso- 
much that if one grain of the mass be 
dissolved in a liquid called Aqua 
FortiSy which is diluted nitric acid, 
the gold will fall to the bottom. By 
this experiment it is evident that a 
grain may be divided into 5761 visi- 
ble parts, for only the 5761st part of 
Vot. I. C 
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the gdM is contained ma single grata 
of the mass. * 

The gold-beaters, Whbm you hare 
seen at work in the shops in Long* 
Acre, can spread a grain 6f gold into 
a Jeaf containing 50 square inches, 
artd this leaf may be readily divided 
idto 500,000 parts, each of which is 
•visible to the naked eye : and by the 
help of a microscope, which magnifies 
the area or * surface of a body 100 
times, 100th part of each of these 
becomes visible, that is the 50 mil- 
lionth part of a grain of gold will be 
visible, or a single grain of that metal, 
may be divided into 50 million of vi- 
sible parts. But the gold which 
covers the silver wire used in making 
what is called gold lace, is spread 
over a much larger surface, yet it 
preserves, even if examined by ami- 
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cfoscope*. an uniform appearance- 
It has been, calculated that one grain 
of gold, under these circumstances, 
would cover a surface of nearly thirty; 
square yard& 

The natural division* of natter are. 
still more surprising. In odoriferous 
bodies, such as camphor, musk, and 
asafoetidst, a wonderful snbtilty of 
parts is peree*v$d> for tfrotfgh t^ey 
are perpetually fillwgr a considerable 
space with odoriferous particles, yet. 
these bodies lose but a very &qaU» 
part of their weight) in a great length. 
of time* 

Again* it is said by those who have 
examined the subject with the best 
glasses* and whose accuracy may bet 
relied on, that inhere are nppre ani- 
mals ia the milt, of a single cod-fish^ 
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than there are men on the Whole 
earth, and that a single grain of sand 
is larger than four millions of these 
animals. Now if it be admitted that 
these little animals are possessed of 
organized parts, such as a heart, sto- 
mach,muscles,veins, arteries,&c, add 
that they are possessed of a complete 
system of circulating fluids, similar 
to what is found in larger animals, 
We seem to approach to an idea of 
the .infinite divisibility of matter. It 
has indeed been calculated tkat a 
particle of blood of one of these 
animalcula is as much smaller than 
4 globe one-tenth of an inch in dia- 
meter, as that globe is smaller than 
the whole earth. Nevertheless, if 
these particles be compared with the 
particles of light, it is probable! that 
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they would be found to exceed them 
in bulk as much* 3s mountains do 
single grains pf sand ; 

■ 

In thousand species of the insect kind, 
Lost to the naked eye, so wondrous small, 
Were millions join'd one grain of sand would 

coyer all. 
Vet each, within its little bulk, contains 
A heart which drives the torrent through its 

reins ; 
Muscles to move its limbs aright : a brain ' 
4nd neryes disposed for pleasure andlpr pain } 
Eyes to distinguish : sense whereby to know; 
What's good or bad ; is, or is not its foe. 

BAJlEfi. 

I might enumerate many other ro- 
mances of the same kind* but these* I 
doubt not, wilt be £uJtciep| to con* 
tince you into what very f&H*$? p wU 
natter is capable of bf iag djyided : 
*nd with these we wjll put an end to 
our present spftyersafcqn. 

C3 
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CONVERSATION III. 



Of the Attraction of Cohesion, 

FATHER. Well, my children, 
have you reflected upon what we last 
conversed about ? Do you compre* 
hend the several instances which I 
enumerated as examples of the mi* 
nute division of matter ? 

Emma. Indeed, the examples 
tthich you gave us very much excited 
my wonder and admiration, and yet, 
from the thinness of some leaf-gold 
which X once had, I can readily admit 
all you have said on that part of the 
Subject. But I know not how to con- 
ceive of such small animals as you 
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% 

described ; and I am still more 
puzzled in imagining, that animals 
SO minute, actually possess all the 
properties of the larger ones, such as 
a heart, veins, blood, &c. 

Father. I can, the next bright 
morning, by the help of the solar 
microscope, show you very distinctly, 
the circulation of the blood in a flea, 
which you may get from your little 
dog ; and with better . glasses than 
those of which I am possessed, the 
same might be shown in animals 
still smaller than the flea, perhaps, 
(even in. those which are themselves 
invisible to the naked eye.? But 
we shall . converse more at large 
on this matter when we come to 
consider the subject of optics, and 
the construction arid rises of the sofac 
microscope.' At present we will turn 
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our thoughts to that principle In ma- 
ture, which philosophers have agreed 
to call gravity or attraction. 

Charles. If there be no more dif* 
Acuities in philosophy than we met 
with in our last lecture, I do not fear 
but that we shall, in general, be able 
to understand it Are there not 
several kinds of gravity ? 

Father. Yes, there are; two of 
which it will be sufficient for our pre* 
sent purpose to describe ; the one is 
the attraction of cohesion ; the other 
that of gravitation. The attraction 
qf cohesion is that power which keeps 
the. parts of bodies together when 
they touch, and prevents them from' 
separating, or which iodines the 
parts of bodies to unite, when they 
are placed sufficiently near to each 
other. . 
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Charles. Is it then by the attrac- . 
tion of cohesion that the parts of this 
table, or of the pen-knife, **re kept 
together? 

Father. The instances which you 
have selected are accurate, but you > 
might have said the same of every 
other solid substance in the ropro, 
and it is in proportion to the dif- : 
ferent degrees . of attraction with 
which different substances are ef- 
fected, that some bodies are hard, 
Others soft, tough, &c. A philoso- 
pher in Holland, almost a century 
ago, took great pains in ascertaining 
the different degrees of cohesion, 
which belonged to various kinds of 
wood, metals, ^nd many other sub- 
stances. A short account of the. ex* 
periments made by M. Musschen-. 
hroek, you will hereafter find in your 
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own language, in the second edition 
of Dr. Enfield's Institutes of Natural 
Philosophy. 

Charles. You once showed me 
that two leaden bullets, having a little 
scraped from the surfaces, might be 
made, with a sort of twisting pres- 
sure, to stick together with great 
force; yovL catted that, I believe* the 
attraction of cohesion ? 

Father. I did.: some philosophers, 
who have made this experiment with- 
great attention and accuracy, assert^ 
that if the flat surfaces, which are 
presented to one another, be but a 
quarter of an ineb in diameter, scrap* 
ed very smooth, and forcibly pressed 
together with a twist, a weight of a 
hundred pounds is frequently required 
to separate them. 

As it is by this kind of attraction 
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that the parts of solid bodies are kept 
together, so when any substance is 
separated or broken, it is only the 
attraction of cohesion that is over- 
come in that particular part. 

Emma. Then when I had the 
misfortune this morning at break* 
fast, to let my saucer slip from my 
bands, by which it was broken into 
several pieces, was it only the at- 
traction of y cohesion that was over- 
come by the parts of thesaucer being 
separated in its fall on the ground ? 

Father. Just so ; for whether you 
unluckily break the china, or cut a 
stick with your knife, or mftlt lead 
over. the fire, as your brother some- 
limes does, in order to make plum- 
mets; these, and a thousand other 
instances, which are continually oc- 
curring, are but examples in which 
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the cohesion is overcome by the fall, 
the knife, or the fire. 

Emma. The broken saucer being 
- highly valued by mamma, she has 
taken the pains to join it again with 
white lead, was this performed by 
means of the attraction of cohe- 
sion? 

Father. It was, my dear; and 
hence you will easily learn that many 
operations in cookery are in fact no- 
thing more than different methods of 
causing this attraction to take placfe. 
Thus flour, by itself, has little or no- 
thing of this principle, but. when 
mixed with milk, or other, liquids, to 
a proper consistency, the parts cohere 
strongly, and this cohesion in many 
* instances becomes still stronger, by 
means of the heat applied to it in 
boiling or baking* 
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Charles. You pat me in mind 
of the fable of the mati WowiAg 
hot and cold; for in the instance 
of the lead, fire overcomes the attrac- 
tion of cohesion ; .and the same power, 
heat, when applied to puddings, bread, 
&c, causes their parts to cohere mote 
powerfully; How are we to under- 
stand this? 

Father. • 1 will endeavour to re- 
move your difficulty. Heat expands 
all bodies without exception, as you 
shall see before we have finished our 
lectures. Now the fire applied to 
metals in order to melt them, causes 
such an expansion, that the particles 
dure thrown out of the sphere, or 
reach of each other's attraction : 
whereas the heat communicated m 
the operations of cookery, is suffi- 
cient to expand thepartieles of flour, 

VOL. I. D 
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bat is not enough to overcome the 
Attraction of cohesion. Besides, your 
mother will tell you, that, the fyeat of 
boiling would frequently disunite the 
p*rte of which her puddings $»e com- 
posed, if she did not take the pr$ £a»- 
tion qf enclosing them in a cloth, 
Reaving tthem just jqora enough to 
expand without the liberty of break - 
.ing to pieces,; and the, moment. they 
fetne taken from *he water, they lose 
their superabundant heat, and be- 
come solid, 

Emma. When the cook makes 
broth for little brother, it is the 
.beat then which overcomes the 
attraction which the particles of 
meat have for each other, for I have 
seen her pour off the broth, a#d the 
meat is all in rags. But will not the 
beat overcome the attraction which 
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the parts of the bones have for each 
other ? 

Father* The beat of boiling wa- 
ter will never effect this, but a ma- 
chine was invented several years ago, 
by Mr. Papia, for that purpose. It 
is called Papin's digester, and is used 
» tamos, and iu many large tami- 
lies, for the purpose of .dissolving* 
bones, as completely as. a lesser de» 
gree of heat witt liquefy jell|y f Oa 
some future day I will show you aa 
engraving of this maofariae, and ex* 
plain its different parts, which are ex* 
treraely simple*. 

* See VoL IV. Conver XIX. p. IM— B» 
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CONVERSATION IV, 



Of the Attraction of Cohesion. 

< ' . ■ i 

FATHER. I will now mentioa 
ppme other instances of this great 
law of nature. If two polished plates 
of marble, or brass, be .put together, 
with a little oil between them to fill 
up the pores of their surfaces, they 
will cohere so powerfully as to ne* 
quire a very considerable force to 
separate them. — Two globules of 
quicksilver, placed very near to each 
other, will run together and form one 
large drop. — Drops of water will do 
the same. — Twq circular pieces of 
cork placed upon water at about an 
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inch distant wilt ran together.— Ba- 
lance a piece of smooth board on the 
end of a scale beam ; then let it lie 
flat on water, and five or six times 
its Own weight will be required to se- 
parate it from the water. If a small 
globule of quicksilver be laid on clean 
paper, and a piece of glass be brought 
into contact with it, the mercury 
will adhere to it, and be drawn away 
from the paper. But bring a larger 
globule into contact with the smaller 
one, and it will forsake the glass, 
and unite with the other quick- 
silver. 

Charles. Is it not by means of 
the attraction of cohesion, that the 
little tea which is generally left at 
the bottom of the oup instantly 
ascends in the sugar when thrown 
into it ? 

PS 



39 MECHANICS* 

Father. The ascent of water or 
ether liquids in sugar, sponge, and 
all porous bodies, is a. species of . this 
attraction, and is called capillary* 
attraction; it is thus denominated 
from the property which tubes of a 
very gen all bore, scarcely larger than 
to admit a hair, have of causing w^tep 
to stand above its level, 

Charles. Is this property, visible 
in no other tub*fr than tfoose, the 
bores of which are so egceediqgly 
fine? 

Father. Yes, it is very apparent 
in tubes whose diameters are one 
tenth of an inch or more in length, 
but the; sipailer the bore, the higher 
the fluid rises ; for it ascends, in all 
instances, Jill the weight of the cq- 

* From papains, the Latin word for hair* . 
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lumn of water in the tube balances, 

or is equal to the attraction of the 

tube. By immersing tubes of dif- 

f ferent bores in a vessel of coloured 

Water, you will see th^t the water 

j rises as much higher in the smaller 

i tube, than in the larger, as its bQre 

J is less than that of the larger. The 

water will rise a quarter of an inch, 

and there remain suspended in a tube, 

whose bore is ?boi}t one eighth of an 

inch in diameter. 

This kind of attraction is well ilr 
Just rated by taking (Plate 1. Fig. 5.) 
two pieces of glass joined together at 
the side B c, and kept a little open at 
the opposite side a d, by a small piece 
of cork e. In this position immerse 
them in a dish of coloured water f g, 
and you will observe that the attrac- 
tion pf the glass at, and near b c, m\i 
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cause the fluid to ascend to b, where* 
as about the parts d it scarcely rises 
above the level of the water in the" 
vessel. 

Charles. I see that a curve is 
formed by the water. 

Father. There is, and to this 
curve there are many curious proper- 
ties belonging, sts you will hereafter 
be able to investigate for yourself. 

Emma. Is it not upon the prin- 
ciple of the attraction of cohesion, 
that carpenters glue their work to* 
gether? 

Father. It is upon this jpriiiciple 
that carpenters and cabinet-makers 
tfiake use of glue; that braziers, tin- 
men, plunfibers, &c, solder their me* 
tals; and that smiths unite different 
bars pf iron by means of heat. These 
llftd a thousand other operations, of 
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which we are continually the wit* 
nesses, depend on the same principle . 
as that which induced your mother 
to use the white lead in mending her 
saucer. And you ought to be told, 
that though white lead is frequently 
used as a cement for broken china* 
glass, and earthen ware, yet if the 
vessels are to be brought again into 
use, it is not a proper cement, being 
an active poison; besides, one much 
stronger has been discovered, I be- 
lieve, by a yery able and ingenious 
philosopher, the late Dr. Ingenhouz, 
at le^st I had it from him several 
years ago; it consists simply of a 
mixture of quick-lime, and Glocester 
cjheese, rendered soft by warm water, 
and worked \ip to a proper consistency/ 
Emma. What! do such great 
philosophers, as I have heard yq\x say 
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Dr. Ingenhouz was, attend to such 
trifling things as these ? 

Father. He was a man deeply 
skilled in many branches of science ; 
and I hope that you and your brothet 
will one day make yourselves ac- 
quainted with many of his important 
discoveries. But no real philosopher 
will consider it beneath his atten- 
tion to add to the conveniences of 
life. 

Charles: This attraction of cohe- 

* * * 

sion seems to pervade the whole of 
liature. 

Father. It does, but you will not 
forget that it acts only at very smalt- 
distances. Some bodies indeed ap- 
jSear to possess a power the reverse 
of the attraction df cohesion. 

Emma. What is that ? 

father. It is called repulsion. — 
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Thus water repels most bodies till 
. they a,re wet. A small needle carp* 
fully placed on water will swim, 
although the iron of which it is made 
is much heavier than water : flies 
.walk .upon >vater without wetting 
.their feet : 

.f Or bathe unwet their oily forms, and dwell 
With feet repulsive on t)ie "dimpling well* 

Darwin* 

The drops of dew which appear in a 
. morning on plants, particularly on 
cabbage plants, assume a globular 
form, from the tautaal attraction 
between the particles of water ; and 
upon examination it will be found 
that .the drops do not touch the 
leaves, for they will roll off in com- 
pact bodies, which could not be the 
case if there subsisted any degree of 
attraction between the water and the 
leaf. 
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If a small thin piece of iron be 

'laid upon quicksilver, the repulsion 

* between the different metals will 

cause the surface of the quicksilver 

near the iron to be depressed. 

The repelling force of the particles 
of a fluid is but small ; therefore if a 
fluid be divided it easily unites again. 
But if a glass or any hard substance 
be broken, the parts cannot be made 
' to cohere without first being moist- 
: ened, because the repulsion is too 
great to admit of a reunion. 

The repelling force between water 
and oil is likewise so great, that it is 
impossible to mix them in such a 
manner that they shall not separate 
agairt. 

If a ball of light wood be dipped in 
oil, and then put into water, the 
^ water will recede so as to form a 
sort of channel around the ball. 
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Charles. Why do cane, steel, and 
many other things, bear to be bent 
without breaking, and, when set at 
liberty, recover their original form ? 

Father. That & piece of thin steel, 
or cane, recovers its usual form, after 
being bent, is owing to a certain 
power called elasticity ; which may, 
perhaps, arise from the particles of 
those bodies, though disturbed, not 
being drawn out of each others at- 
traction; therefore, as soon as the 
force upon them ceases to act, they 
restore themselves to their former 
position. — But our half hour is ex- 
pired, I must leave you. 
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CONVERSATION T. 



Of the Attraction of Gravitation. 

FATHER. We will now proceed 
to discuss another rery important ge- 
neral principle in nature \ the attrac- 
tion of gravitation^ or, as it is fre- 
quently termed, gravity, which is 
that power by which distant bodies 
tend towards each other* Of this we 
have perpetual instances in the fall- 
ing of bodies to the earth. 

Charles. Am I then to under* 
stand, that whether this marble falls 
from my hand; or a loose brick 
from the top of the house ; or an 
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apple from the tree in the orchard, 
that all these happen by the attrac- 
tion of gravity ? 

Father: It is by the power which- 
is commonly expressed under the 
term gravity, that all bodies what* 
ever have a tendency to the earth, 
and, unless supported, will fall in 
lines nearly perpendicular to its sur- 
face. This tendency or disposition 
to fall is called weight: and the 
weight of a given body may be em- 
ployed to measure the weights of all 
other bodies. Gravity is to be dis* 
tioginshed from Weight. The weight 
of a body is the product of the gra- 
vity into the number of particles of 
which the body is composed. 

Emma. But are not smoke, steam, 
and other light bodies, which we see 
ascend, exceptions to. the general 
rule? 
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Father. It appears so at first 
sight, and it was formerly received 
as a general opinion, that, smoke, 
steam, fee, possessed no weight : the 
discovery of the air-pump has shown 
the fallacy of this notion, for in an ex* 
hausted receiver, that is, in a glass jar 
from which the air is taken away by 
means of the air-pump, smoke and 
steam descend by their own weight 
as completely as a piece of lead. 
"When 1 we come to converse on the 
subject of pneumatics and hydro* 
statics, you will understand that the 
reason why smoke and other bodies 
ascend is simply because they are 
lighter than the atmosphere which 
surrounds them, and the moment 
they reach that part of it which has 
the same gravity v\ ith themselves they 
cease to rise. 

Charles. Is it then by this power , 
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that all terrestrial bodies remain firm 
on the earth ? 

Father. By gravity, bodies onaU 
parts of the earth (which you know 
is of a globular form) are kept on its 
surface, because they all, wherever 
situated, tend to the centre; *ad, 
since ail have a tendency to the cen- 
tre, the inhabitants of New Zealand* 1 
although nearly opposite to our feety 
stand as firm £*s we do in Great 
Britain. ". « r 

Charles. This is difficult to com- 
prehend : fc nevertheless, if bodies oif 
all parts of the surface of the earth 
have a tendency to the centre, there 
seems no reason why bodies should 
tot stand firm on one part as well 
as another. Does this power of gra,# 
vity act alike on all todies ? ^ " 

Father. It dries, V*Miout*oy »• 

£3 
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garfl to their figure, or size ; for at* 
traction or gravity acts upon bodies in 
fwoportjoQ to the quantity of matter 

* 

lflfetcft jibey contain, that is, foyr 
fctTW, a greater force of gravity is ex- 
Q&fcf d. qppn a weight of four pounds, 
^h*a up>on one of 4 single pound. 
Xbe OQpsfquence of this principle is, 
^tat.qll bodies at equal distances from 
t^i£ earth /all with equal velocity. 

« 

hyE&mm >WM dq you mean, papa, 
by velocity ? 

-nF*thtr%\ I wjll explain it by an 
«Katnp|I# pr twQ ; if you and £harle$ 
$et out. together, apd you, w alk a 
mile in Jsialf an* hour, but he walk 
and run two miles in the sapnp time, 
how; much swifter will he g^than 

Emmai , Tvripe a§,swift 
^ Fliiffli . .. . Jl?, dQqs,« bqpau&e,, fajfa 
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same time, he passes over twice as 
much space; therefore we say his 
velocity is twice as great as yours. 
Suppose a ball,: fired from a cannot), 
pass through 800 fe^tin a second 
of tiqae j apd in the same time your 
brother's arrow pass through 100 feet 
only, how muph swifter floes the can* 
i)qb ball fly than the ajrrpw f 

E^mma. Eight times swifter. 

Fatliet. Thep it bsts eight times 
the velocity of the arrow; and hence 
you understand \\\$X swiftness and 
velocity are synonymqus terms, and 
(hat the velocity of 9. body is mea-> 
sured by the space it passes over iq 
% given time, as $ second, a minute, 
an hour, &c. 

fimma. If I let a piece of metal^ 
as a penny-piece and a feather, fall 
from my hand at the same time, thq 
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penny will reach the ground much 
sooner than the feather. Now how 
do you account for this, if all bodies 
are equally affected by gravitation, 
and desceqd with equal velocities, 
when at the same distance from the 
earth fr 

Father. Though the penny and 
feather will not, in the open air, fait 
with equal velocity, yet, if the air be 
taken away, which is easily done, hy 
a little apparatus connected with the 
ftir-pump, they will descend in the 
same time. Therefore the true rea- 
son why light and heavy bodies do 
plot fall with equal velocities is, that 
the j&rmer, in proportion to Ha 
weight, meets with a much greater re- 
sistance from the air than the latter. 

Chorles. It is then, I imagine, 
from the same cause, that, if I drop 
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the penny and a piece of light wood 
into a vessel of water, the penny 
shall reach the bottom, but the wood, 
after descending a small way, rises to 
the surface. 

Father. In this case the resisting 
medium is water instead of air, and 
the copper being about nine times 
heavier than its -bulk of Water, falls 
to the bottom without apparent re-*- 
sistance. But the wood, being much 
lighter than water, cannot sink in it; 
therefore, though by its momentum *> 
it sinks a small distance, yet as soon 
as that is overcome by the resisting 
medium, that is the water, it rises to 
the surface, being tbe lighter sub* 
stance. 

* 

* The explanation of thi* term will be fouu4 
iii the next Convwatioa. 
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Of the Attraction of Gravitation. 

EMMA. The term momentum, 
which you made use of yesterday, is 
another word which I do not under* 
stand. 

Father. If you have understood 
what I have said respecting the velo- 
city of moving bodies, you will easily 
comprehend what is meant by the 
word momentum. 

The momentum, or moving force of 
a body, is measured by its weight 
multiplied into its velocity. You 
may, for instance, place this pound 
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weight upon a china plate without 
any danger of breaking, but if you 
let it fall from the height of only a 
few inches, it will dash the china to 
pieces. In the first case, the plate 
has only the pound weight to sustain, 
in the other the weight must be mul- 
tiplied into the velocity, or, to speak 
in a popular manner, into the dis* 
tance of the height from which it fell. 

If a ball a (Plate 1. Fig. 6.) lean 
against the obstacle 6, it will not be 
able to overturn it, but if it be taken 
up to c and suffered to roll down the 
inclined plane a b against b it will cer- 
tainly overthrow it ;•— in the former 
case b would only have to resist the 
weight of the ball «, in the latter it 
has to resist the weight multiplied 
into its motion, or velocity. 

Charles. Then the momentum of 
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a small body, whose velocity is very 
great, may be equal to that of a very 
large body with a slow velocity. 

Father. It may; and hence you 
see the reason why immense battering 
rams, used by the ancients, in the 
art of war, have given place to can* 
non balls of but a few pound* 
weight. 

Charles. I do ; for what is want- 
ing in weight is made up by ve- 
locity. 

Father* Can you tell me what 
velocity a cannon ball of 28 pounds 
must have to effect the same pur- 
poses as would be produced by a bat- 
tering ram of 15,000 pounds weight, 
and which, by manual strength, could 
be moved at the rate of only two feet 
in a second of a time ? 

Charles* I think I can ; — the wkk 
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menttim of the battering ram roust 
be estimated by its weight, multi- 
plied into the space passed over in 
a second, which is 15,000 multiplied 
by two feet equal to 30,000; now if 
this momentum, which must also be 
that of the cannon ball, be divided 
by the weight of the ball, it will give 
the velocity required ; and 30,000 
divided by 28, will give for the quo* 
tient 1072 nearly, which is the num- 
ber of feet which the cannon ball 
'must pass over in a second of time 
in order that the momenta of the 
battering ram and the ball may be 
equal, or in other words, that they 
may have the same effect in beating 
down an enemy's wall. 

Emma. I now fully comprehend 
what the momentum of a body is, 
for if I let a common trap»bali acci* 

VOL. I. F 
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dentally fall from uty hand, upon 
my foot, it occasions more pain than 
the mere pressure of a weight several 
times heavier than the ball. 

Charles. If the attraction of gra+ 
vitation be a power by which bodies 
in general tend towards each other* 
why do all bodies tend^to the earth 
as a centre ? 

Father. I have already told you 
that, by the great law of gravitation* 
the attraction of all bodies is in pro* 
portion to the quantity of matter 
which they contain. Now the earth, 
being so immensely large in com pari* 
son of all other substances in its vi- 
cinity, destroys the effect of this at* 
traction between smaller bodies* by 
bringing them all to itself. -*» If two 
balls are let fall from a high tower 
at a small distance apart; though 



ATTRACTION OW GRAVITATION, M 

they have an attraction for one an- 
other, yet it wilt be as nothing when 
compared with the attraction by 
which they are- both impelled to the 
earth, and consequently the tendency 
which they mutually have of ap- 
proaching one another will not be 
perceived in . the fall If, however, 
any two bodies were placed in free 
spade, and out of the sphere of the 
earth's attraction, they would, in that 
case, assuredly approach each other, 
and that with increased velocity as 
they came nearer. If the bodies 
were equal, they would meet in the 
griddle point between the two ; but if 
tbejr were unequal, they would then 
meet is much nearer the larger one, 
Its that Contained a greater quantity 
of matter than the other'. 
' Charles, According to this, the 
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earth ought to move towards h\U 
ing bodies, as well as they move to 
it, - • 

Father. It ought, and, in just 
theory, it does; but when you calcu- 
late how many million of times larger 
the earth is than any thing belonging 
to it, and if you reckon, at the same 
time, the small distances from which 
bodies can fall, you will know that: 
the point where the falling . bodies* 
and earth will meet, is removed only; 
to an indefinitely small distance from, 
its surface* a ^(stance much too small* 
to be conceived by the human ima- 
gination,. 

, As ; all bodies on or near tbe earth; 
tea4 t0 the centre of that body; so 
the eartb» and all the planets, with 
their several moons, as we' shall see 
by and by, tend te the centre of the 
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nun, as the point to which the whole 
and every part of the solar system is 
attracted. 

We will resume the subject of grci- 
vity to-morrow. 
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. CONVERSATION VII. 



Of the Attraction of Gravitation. 

EMMA. Has the attraction of 
gravitation the same effect on all 
bodies, whatever be their distance 
from the earth ? 

Father. No; this, like every power 
which proceeds from a centre, de- 
creases as the squares of the distances 
from that centre increase. 

Emma. I fear that I shall not un- 

9 

derstand this, unless you illustrate it 
by examples. 

father. Suppose you are reading 
Ht the distance of one foot from a 



ATTRACTION OF GRAVITATION. £5 

candle, and that you receive a cer- 
tain quantity of light on your book ; 
new if you remove to the distance of 
two feet from the candle, you will, 
by this law, t receive four times less 
light than you had before; here then, 
though you have increased your dis- 
tance but two-fold, yet the light is 
diminished four-fold, because four is 
the square of two, or two multiplied 
by itself. If instead of removing 
two feet from the candle, you take 
your station at 3, 4, 5, or 6 feet dis- 
tance, you will then receive at the 
different distances, 9> 16., 25, 36, 
times less light than when you were' 
within a single foot from the candle, 
for these, as you know* are the 
squares of the numbers 3, 4, 5, and 6. 
The same is applicable to the heat 
imparted by a fire; at the distance of 
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one yard from which, a person will 
enjoy four times as much heat as he 
who sits or stands two yards from it j 
a»nd nine times as much as one that 
shall be removed to the distance of 
three yards. 

Charles. Is then the attraction of 
gravity four times less at a yard dis- 
tance from the earth than it is at the 
surface ? 

Father. No; whatever be the 
cause of attraction, which to this 
day remains undiscovered, it acts 
from the centre of the earth, and not 
from its surface, and hence the dif 
ference of the power of gravity can- 
not be discerned at the small dis- 
tances to which we can have access; 
for a mile or two, which is much 
higher than* in general, we have op* 
•"toortunities of making experiments, is 



ATTRACTION OF ORAVtTATlON. 5/* 

nothing in comparison of 4000 miles, 
the distance of the centre from the * 
surface of the earth. ' But could we 
ascend 4000 miles above the earth, 
and of course be double the distance 
that we now are from the centre, we 
should there find that the attractive 
force would be but one fourth of what 
it is here; or, in other words, that a 
body, which, at the surface of the 
earth, weighs one pound, and by the 
force of gravity, falls through sixteen 
feet in a second of time, would at 
4000 miles above the earth weigh but. 
a quarter of a pound, and fall through 
only four feet in a second*. 

* Ex. Suppose it were required to find the 
weight of a leaden ball, a.t the top of a moun- 
tain three miles high, which on the surface of 
the earth weighs 20lb. 

If jthe semi-diameter of the earth be taken 
at 4000; then add to this the height of tb' 
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Emma. How is that known, papa, 
for nobody ever was there? 

Fattier. You are right, my dear, 
for Garnerin, who last summer asto- 
nished all the people of the metropolis 
and its neighbourhood, by his flight in 
a balloon, ascended but a little way 
in comparison of the distance that we 
are speaking of. However, I will try 
to explain in what manner philoso- 
phers have come by their knowledge 
on this subject. 

The moon is a heavy body con* 
nected with the earth by this bond of 
attraction, and, by the most accurate 
observations, it is known to beobe* 

mountain, and say as the square of 4003 is to 
the square of 4000, so is 20lb f to a fourth pro*' 
portional : or as 16024009 : 10000000 : :20: 
19.97, or something more than 191b. 15|oz. 
which is the weight of the leaden ball at the 
>p of the mountajjq* 
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dient to the same laws as other heavy 
bodies are : its distance rs also clear- 
ly ascertained, being about 240,000 
miles, or equal to about sixty semi* 
diameters of the earth, and of course 
the earth's attraction upon the moon 
ought to diminish in the proportion 
of the square of this distance, that 
is, it ought to be 60 times 60, or 
3600 times less at the moon than it is 
at the surface of the earth. This is 
found to be the case. 

Again, the earth is not a perfect 
sphere, but a spheroid, that is, of the 
shape of an orange, rather flat at the 
two ends called the poles, and the 
distance from the centre to the poles 
is about eighteen or nineteen miles 
less than its distance from the centre 
to the equator, consequently, bodies 
ought to be something heavier at, 
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and near the poles, than they are at 
the equator, which is also found to be 
the case. Hence it is inferred, that 
the attraction of gravitation varies at 
all distances from the centre of the 
earth, in proportion as the squares of 
those distances increase *. 

Charles. It seems very surprising 
that philosophers who have disco- 
vered so many things have not been 
able to find out the cause of gravity. 
Had sir Isaac Newton been asked, 
why aumarble, dropped from the band, 
falls to the ground, could be not have 
assigned a reason i 

Father. That great man, probably 
the greatest man that ever adorned 
this world, was as modest as he was 
great, and he would have told you he 
knew not the jcause, 

* See Vol. II. Cenvcr. VI. „ ? 
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The excellent and learned Dr. 
Price, in a work which he published 
thirty years ago, asks, " who does 
not remember a time when he would 
have wondered at the question, why 
does water run down hill? What 
ignorant man is there who is not per- 
suaded that he understands this per- 
fectly? But every improved man 
knows it to be a question he cannot 
answer.' 9 For the descent of water, 
like, that of other heavy bodies, de- 
pends upon the attraction of gravita- 
tion, the cause of which is still in- 
volved in darkness. 

Emma. You just now said that 
heavy bodies by the force of gravity 
fall sixteen feet in a second of time, 
is that always the case ? 

Father. Yes, all bodies near the 
surface of the earth fall at that rate 

VOL. I. G 
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in the first second of time, but as the 
attraction of gravitation is continually 
acting, so the velocity of falling bodies 
is an increasing, or, as it is usually 
called, an accelerating velocity* It 
k found by very accurate experiments 
that a body, descending from a const* 
derable height by the force of gravity, 
falls 16 feet in the first second of 
time; 3 times 16 feet in the next; 6 
times 16 feet in the third; 7 times 16 
feet in the fourth second of time ; and 
so on, continually increasing accord- 
ing to the odd numbers, 1,3,5, 7* 9* 
11, &c. 
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CONVERSATION VIII, 



Qf the Attraction of Gravitation. 

. EMMA. And would a ball of 
twenty pounds weight here, weigh 
half an ounce less on the top of the 
mountain ? 

Father. Certainly: but you would 
not be able to ascertain it by means 
of a pair of scales and another weight, 
because both weights being in simitar 
situations would lose equal portions 
of their gravity, 

Emma. Hqw, then, would you 
make the experiment ? 

Father. By meatlfc of one qf those 
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steel spiral-spring instruments which 
you have seen occasionally used, the 
fact might be ascertained. 

Charles. I think, from what you 
told us yesterday, that with the as- 
sistance of your stop-watch, I could 
tell the height of any place, by ob- 
serving the number of seconds that a 
marble or other heavy body would 
take in falling from that height. t 

Father, How would you perform 
the qalculation ? 

Charles. I should go through the 
multiplications according to the num- 
ber of seconds, and then add them 
together/ 

Fatter. Explain yourself more 
particularly; — supposing you were to 
let a marble or penny -piece fall down 
that deep well which we saw last 
Slimmer in the brickfield near Ram?- 
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gate, and that it was exactly five 
seconds in the descent, what would 
be the depth of the weH ? 

Charles. In the first second it 
would fall 1® feet ; in the next 3 
times 16 or 4& feet ; in the third 5 
times 16 or 80 feet ; ' in the'foqrth 7 
^inaes 16 or 1 12 feet; and iri the fifth 
second 9 times 16 or 144 feet; now 
if I add 16, 48, 80, 112, and 144 to- 
g ether, the sum wiH be 400 feet, 
which, according to your rule, is the 
depth of the well. $ut was the well 
so deep ? 

father. I dp not think it was, but 
we did hot make the experiment; 
should iye ever go to that place 
again, you may satisfy your curiosity. 
You recollect that at Dover Castle 
we were told of a well there 360 feet 
deep. 

• P3 
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Though your calculation was ac- 
curate, yet it was not done as nature 
effects her operations, that is in the 
shortest way. ' • ; v 

Charles. - I shpuld be pleased to 
know an easier method ; this, how- 
ever, is.very sintple, it required wk 
thing but multiplication and addi- 
tion*, • ' 
. . Farther* True, but suppose I had 
given you an example in which the 
number of seconds had been fifty in- 
stead of five, the work would have 
taken you ah hour or more to have 
performed it i whereas, 'by the rule 
which I am going to give, it might 
have been done in half a minute. 

Charles. Pray let me have it, 
I hope it will be easily remembered. 

father. It will; I think it can 
liQt be forgotten after it is once ua«t 
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derstood. The tale is this, " the : 
spaces described by a body fallings 
freely from a state <f rest increase as, 
the sauAREs of the ,timcs increase"* 
Consequently you have only<to square 
the number of seconds, that is,, to, 
multiply the number intjp itself; and 
fhea multiply that again by sixteen 
.feet, the space which it describes in 
the first second, and you have th$ 
required . answer* Nqv^ try ^foe ex- 
ample of the well. > * 

Charles. The square qf 5, for the 
time, is 25, which, multiplied by (6/ 
gives 400, just as I brought it qut be-j 
fore. Now if the seconds had beep 
50, the answer would be 50 times 50, 
which is $500, and this multiplied 
by I64 gives 40,QOO,fpr the; space re ? 
quired. 

Father, I w4i now ^sk your sister 
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a 5 question to try how she. lias un- 
derstood this subject. Suppose you 
dbserve by this watch that the trine 
of *he flight of your brother's atrow 
is exactly six seconds, to what heigh? 
does it rise ? 

'Emma. ' This is a different ques« 
lion, because here the ascent m welt 
as the fall of the arrow is to be con- 
sidered. 

Father.. Bdt you will remember, 
that the time of the ascent is always 
equal to that 6f the descent 5 foe) as 
the velocity of the descent is gene- 
rated by the force of gravity, so is the 
velocity of the ascent destroyed by the 
same force, 

Emma. Then the arrow was three 
seconds only in falling; now the 
square of 3 is 9> which multiplied by 
16, for the number of feet described 
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in the first second, is equal to 144 
feet, the height to which it rose. 

Father. Now, Charles, if I get 
you a bow which will carry an arrow 
so high as to be fourteen seconds in 
its flight, can you tell me the height 
to which it ascends ?. 
• Charles. I can now answer you 
without hesitation :— it will be 7 se- 
conds in falling, the square of which 
is 49, and this again multiplied by. 
16 will give 784 feet or. rather more 
than 26 1 yards for the answer, . 

Father. If you wjll now consider 
the example, which you did the long 
way you will see that the rule wl^iqh, 
I have given you answefs very QQjn^ 
pletely. In the first second the body 
fell .16 feet, and in the next ,4$,; 
these added together make 64, wftich> 
it the square of the 2 seconds multi- 
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plied by 16. The same holds tru& 
of the 3 first seconds, for in the third 
second it fell 80 feet, which added 
to the 64, give 144 equal to, the 
square of 3 multiplied by 16. Again, 
in the fourth second it fell 112 (bet, 
which added to 144, give 356 .equal 
to the square of 4 multiplied by t6 ; 
and in the fifth seoond it fell 144 
feet, which added to 256, give 400. 
equal to the square of 5 multiplied 
by 16. Thus you will find the rale 
holds Itf all cases, that the- spaces de- 
scribed i by bodies falling* '/reefy from 
a state of rest, increase as the &au ares 
cjf the times increase. 
' Charles. I think I shall not forget 
the rule. I will also show my oousin 
Henry how he may know the height 
tb which his bow will carry. 
* : JPcUhcr. The surest way pf keep- 
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tag what knowledge we have ob- 
tained, is by communicating it to oar 
friends, 

Charlei. It is a very pleasant cir- 
cumstance, indeed, that the giving 
away is the best method of keeping, 
for I am sure the being able to ob- 
lige one's friehds is a most delightful 
thing. 

Father. I have but a word or 
ttoo more oh the subject: — since the 
whole spaces described increase as the 
squares of the times increase, so also 
the velocities of falling bodies in- 
crease in the same proportion 3 for 
you know that the velocity must be 
measured by the space passed through. 
Thus if a person travels six miles an 
hour, and another person travels 
twelve miles in the same time, the 
latter will go with double the velocity 
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of the former; consequently the velo- 
cities of falling bodies increase as the 
squares of the times increase.. 

If now you compare the spaces 
described by falling bodies in th6 
. several moments of time . taken sepa- 
rately, and in their order from the 
beginning of the fall, then they, and 
consequently their velocities also, are 
to one another as the odd numbers, 
It 3, 5, 7, 9, 11, 13, &c, taken in 
their natural order, as you wHl ob- 
serve by reflecting on the foregoing 
examples. 

. With this we conclude our present 
Conversation. 
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CONVERSATION IX. 



On the Centre of Gravity. 

FATHER. We are now going 
to treat upon the Centre of Gravity, 
which is that point of a body in 
which its whole weight is, as it were, 
concentrated, and upon which, if the 
body be freely suspended, it will rest; 
and hot all other positions it will en- 
deavour to descend to the lowest 
place to which it can g6t. . 

• Charles. All bodies then, of what* 
ever shape, hare ; a Centre of gra- 
vity? 

VOL. 1. H 
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Father. They have : and if you 
conceive a line drawn from the cen- 
tre of gravity of a body towards the 
centre of the earth, that line is called 
the lint of direction, along which 
every body, not supported, endea- 
yours to fall. If the line of direction 
fall within the base of any body, it 
will stand ; but if it does not fall within 
the base, the body will fatt. ' . 
f If I place the piece of wood a 
(PWe.l, fig. 7) on the edge of % 
tafekw f»n4 faty a pip a at .fa oeqtye 
qf gravity be hjiqg a little weight £* 
the line ?{ ^ireciioo <j6 Mb mtWm 
the bpse, aQ4,tb<?refpre,. tb«*gfe Aft 

* 

VLopAljeans^ yfit itfttwdfesecyirfe Jfcfe 
if upon a, wot^e* pjece o£ wwiH( 
Up plW^l* & ift eyifteiMhafc &« Cen- 
tre Pf\gr%vtepf4;t^ flh^tttfll* 
now raised to c, at which point/, ift 



OSNTftV Or 0K4VITY. Jffc 

weight be hnagy it wiH be found 
that the line of direction falls oat of 
the base, and therefore the body must 
Ml. • r . ..• 

. Emma. I think I now ^ the teat, 
spn of the advice which yoftgave md, 
when we were goi ng across theThanies 
in a boat ' v 

i Father. } I told you thai if ever 
you were overtaken by a storwv or 
by a squall of wind, white yon trerfe 
4)B the water? never to let yottr fears 
90 get the better of you, as la make 
you rise from* your seat, because by 
jo detag you wquld eievate the een* 
tre ;©f gravity, mA thereby, as is 
evident by the last experiment, in* 
<erease the danger:' whereas, if all 
the persons in the vessel were, at the 
'moment af danger, instantly to slip 
cticcm ;their jaJaces oip to the bottom* 
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the risque would be exceedingly di- 
minished, by bringing the centre of 
gravity natch lower within the ves- 
sel. The same principle is applicable 
to those who may be in danger of 
being overturned in any carriage 
whatever. 

Emma. Surely then, papa, those 
-stages which load their tops with a 
dozen or more people, cannot be safe 
for the passengers. 

Father. They are v^ry unsafe, but 
ihey would be more so, were not the 
roads about the metropolis remark- 
ably even and good; and, in general* 
it is only within twenty or thirty miles 
of London, or other great towns, that 
the tops of carriages are loaded to 
excess, 

. C harks. I understand thefc, that 
the nearer the centre of gravity is to 



ba*3 of ft tody* lire firmer it will 
start. ' ■ m 

'J>5Wft*?V Certainty; ami hence yoti 
leam<ftte> reason why conicaf bodies 
sthtfdso sure on their bases, for the 
tops being small in comparison of (be 
l'ewer parts, the centre of gravity is^ 
fhroWtir very tow : and if the cone be 
upright or pferpendtcalar, the Kne of 
dtactiM falls in the middle of the 
bafce, which is Another fundamefttat 
property tf steadiness^ n bodies. For 
the broader the base, and the nearer 
the fine of diction is to the middle 
erf* it, the more firmly does a body 
stand : but if the line of direction fall 

near the edgfe, the body i» easily over- 

1*1., ,. .,..,, 

.Charles. Is that the reason why » 
ball is *6 easily rolled along a horizon- 
tal plane i 

83 



. Father. It is ; for in ait spherical 
bodies, tbe base is but a point, con- 
sequently almost the smallest force is 
sufficient to remove the line of direc- 
tion out of it. Hence it is evident; 
that heavy bodies situated on aa in- 
clined plane will, while the line of 
' direction falls within the base, slide 
down upon the plane : but they w$ 
roll when that line, falls without the 
base. The body a (Plate I, Fig. 8) 
will slide down the plane ps, but the 
bodies b and c will roll down it 

Emma. I have seen buildings lean 
wry much opt of a straight line, .why 
do they not fall ? 

Father. It does not follow because 
a building leans, that the centre of 
gravity does aot fall within the base. 
There is a high tower at Pisa, a town 
in Italy, which leans fifteen feet out 



CKNTKBI07 CmXVITY, 7* 

of theperpeodicukr ; strangers trem- 
We in passing by it i still it is found 
by experiment that the line of direc- 
tion falls within the base, and there- 
fore it will stand while its materials 
hold together. 

A wall at Bridgenortb in Shrop- 
shire, which I have seen, stands in a 
similar situation, bnt so long as a line 
cb (Plate IJ, Fig: 9) let fall from the 
centre of gravity c of the building ab, 
passes Within the base cb, it will re- 
main firm, unless the materials with 
which it is built go to decay. 

Charles. It must be of great use 
in many cases to know the method of 
finding the centre of gravity in differ* 
ent kinds of bodies. 
father. There are many easy rules 
for this with respect to all manage- 
able bodies: I will mention one, 
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which depend* on the property which 
the centre of gravity haft, of always 
endeavouring to descend to the lowest 
paint. 

If a body a (Plate ir, Fig; W>) be 
freely suspended on a pro a, *nd a 
plumb line a b be bung by the same 
pin, it will pass through the centre 
of gravity, for that centre is not m 
the lowest point, till it felt in (he 
sane line as the plana b line. Mark 
the line a b ; then hang the body up 
by any other point, as D, with the 
pludpib line pb, which' will afco pass 
through the centre of gravity for the 
satne reason as before: and' therefore 
$fc the centre of gravity is somewhere 
in a b, and also in sene point of db, 
it must be m the point c where those 
lines cross. 
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CONVERSATION X. 



Of the Centre of Gravity. 

CHARLES. How do those pec* 
pie, who have to load carts and wag* 
gens with light goods, as hay, wool* 
&c, know where to find the centre of 
gravity ? 

Father. Perhaps the generality of 
them never heard of such a principle; 
and it seems surprising that they 
Should nevertheless .make up their 
loads with such accuracy as to keep 
the line of direction in or near the 
middle of the base, 

Emma. I have sometimes trem- 
bled to pa$s by the hop-waggons 
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which we have met on the Kent 
road. 

Fathers Attt without 'any im- 
peachment of your courage, for they 
are loaded to such an enormous 
height, that they tQtter every inch 
of the* road. It would indeed be 
impossible for one of these to jiass 
with tolerable security along a road 
j&uch inclined; the centre of gravity 
being removed so high abofe the 
body of the carriage, a smaltdtiehtiat» 
tioo on one side or the 'other w&uld 
throw the line of direction oM of the 
base. 

Bfnma. When brother J Ames folte 
4bo«t, is it because he cannot keep 
the <jeotre of gravity between his 
feet ? 

> Father . That i» the precise rea- 
«#ou why %uj perfcoq, whether ok) or 
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yjwng>-fol& And hence you learn 
that a man stands much firmer with, 
hi? feet 9 Kttte apart than if they 
were quite close, for by separating 
them he increases the base* Heace 
also the difficulty of. sustaining a tail 
body, as a walking 0*1*43, upoa^r^r- 
*ow foundation. 

Eiqma. Hpw< do- rope and -wire 

daacers, whom I have seen at the 

Circus, manage to balance them** 

sshep? ► 

4 Father. .They generally hold $ 

kwg poie, with weights at each end, 

across the rope oa which they dance, 

loping their eyes fixed on some ob~ 

jepf parallel to the rope, by which 

W*n$ they know when, their centra 

of gravity declines to on*, side of the 

rope ot the others attd thus, by tbg 

help *>f the pole* they are euablqi t* 
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keep the centre of gravity over the. 
base, narrow as it is. It is not how* 
ever rope dancers .only that pay at- 
tention to this principle, but the most 
common actions of the people in ge- 
neral are regulated by it. j 

Charles. In what respects ? . 

Father. We bend forward, when 
we go up stairs, or rise from our 
chair, for when we are fitting, our 
centre of gravity is on the seat, and 
the line of direction falls behind our 
base : we therefore lean forwards to 
bring the line of direction towards 
our feet. For the same reason a 
man carrying a burden on his back 
leans forward i and backward if be 
Carries it on his breast. If the load 
be placed on one shoulder he leans 
to the other. < If we slip or stumble 
with one fyrt, we naturally extend 
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the opposite arm, making the same 
use of it as the rope-dancer does of 
his- pole. 

This property of the centre of 
gravity always endeavouring' to de- 
scend will account for appearances, 
which are sometimes exhibited to ex- 
cite the surprise of spectators. 
Emma. What are those ? 
Father. One is, that of a double 
cone, appearing to roll up two in- 
clined planes forming an angle with 
each other, for as it rolls it sinks 
between them, and. by that means 
the centre of gravity is actually de- 
scending. 

Let a body ef (Plate II, JFig. 13), 
consisting of two equal cones united 
at their bases, be placed upon the 
edges of two straight smooth rulers, 
ab and cd; which at one end 

VOL, I. I 
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in an angle at a* and rest on *a hoU 
rhsontal plane ; and aft the other are 
raised a little above the plane; the 
body will roll towards the elevated 
end of -the rulers, and appear to 
ascend ; the parts of the cone that 
rest on the rulers growing smaller m 
they go over a large opening, and thnt 
letting it down, the centre of gravity 
descends. But you must remember 
that the height of the planes must be 
less than the radius of the base of the 
cane* - 

Charles. Is it upon this principle 
.that a cylinder is made to roll up 
hill ? 

. Father. Yes, it is; but this can 
be effected only to a small distance. 
If a cylinder of pasteboard* or very 
light wood JbB (Plate IT, Fig. 11), 
having it* centre of gravity ate, to 
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placed on the inclined plane cd, it 
will rail down the inclined plane, be* 
causea line of direction from that 
centre lies out of the base. If I n,ow 
fill the tittle hole a above with a plug 
of lead, it mil rell up the inclined 
planes till the lead gets near the base, 
where, it will lie still: because .the 
centre *f gravity by means of the lead 
is removed from r x> towards the pla$ 
and therefore is descending,- thoogfy 
the cylinder is ascending. 
': Before I pot an end to thisirab* 
ject, I wttl^ show, yon mother expert* 
men V which without understanding 
the principle of the centre of gravity 
cannot be explained.. l£pon this 
stick a (Plate II, Fig IS), whioh, 
of itself, would fall, because its cen- 
tre of gravity bangs over the table Er, 
I suspend a bucket b, fixing another 
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stick a, one end in a notch between a 
and k 9 and tbe other against the inside 
of the pail at the bottom. Now you 
will see that* the bucket will, in this 
position, be supported, thoogh filled 
With water. For the bucket being 
pushed a little out of the perpendi- 
cular, by the stick a, the centre of 
gravity of the whole is brought under 
the tablfr, and is consequently sup* 
ported by it 

The knowledge of the principle of 
the centre of gravity in bodies, will 
enable you to explain the structure of 
a variety of toys which are put into 
the hands of children, sttch as tbe 

4 

little saivyer ; rope dmctr s tumbten 
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CONVERSATION XI, 



On the laws of Motion. 

CHARLES. Are you now go* 
iagi papa> to describe those ma- 
chines, which yoi| catt mechanic*} 
jmvcrsP 

Fattier. We must, I believe, de- 
let thai a day or two longer* as I have 
a few more general principles with 
which I wish you previously, to bq 
acquainted. 

Emrna. Wh&t are tfregQ ? . 

father. In the first place, you 
must well understand what are de- 
nominated the three general laws of 
motion : thejirst of which is, " that 

I* 
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every body will continue in its slate qf 
rest or of uniform motion, until it is. 
compelled by some force to change its 
state" This constitutes what is de- 
nominated the inertia or inactivity 
of matter, Apd it may be observed, 
that a change never happens in the, 
motion <of any body, with<W*t pn . 
equal and opposite, change in the ; 
ipotion of some other body. 

Charles. There is no difficulty of 
conceiving that a body, as this jnk- 
Stand, in a state of rest napst, fdway* 
ijemain so, if no external force be iow 
pressed upon it lo give it /notion* But 
I know of no example which will 
lead me to suppose, that a body once 
put into motion would of itself con- 
tinue so. 

Fattter. You will, I think, pre- 
sently admit the latter part of th* 
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assertion as well its the fbnherv ak 
though it cannot be established by 
experiment. 

Emma, I shall be glad to hear 
Bow this is. • 

F<*M*r. Y*a will, not deny that 
the ball which you strike from the 
trap, has no more power either to de- 
stroy its motion, or cause any change 
in its velocity, than it -hits to change' 
its shape. 

€foe?ie$. Certainly; nevertheless, 
in a few seconds after I have struck 
the bail with ail my force, it falls to 
the ground, and then stops. 

'Father. Do you fif*d no differ- 
ence in the time that is taken up 
before it comes to rest, even suppos-; 
ing your blow the same ? 

Charles. Yes, if I am pl&ytng on 
the grass it rolls to a less distance * 
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than, wiren I play iojv. tl# r*itt9tfik 

♦. Father. You find a Bke $fi^ 
enoe wbeh' jo**re pitying 4* Jfifcr- 
blee, if you play in the jgcatal Qofrrt> 
or On tbe^ven p&ven&eAt iq -4fce ^r- 

.. G hanks. .X^flaac^J^sTOQSoea^ij^ 
o*Mbs mwtfefitQQGS i<&rth# arcsMife 
tbat w$ car* saaroely shoot w\h, % 
force small enough. 

Jm&w* A»A I remettiber Charles- 
3p4 my <KP9Q were*, last winter 
trying hpw faf they could shoot; 
their marbles along hhe ice in tb*. 
canal; and they went a prodigious 
distance ia comparison of that which 
they WQuld have gone on the gravel, 
Oreven on the pavement in, the arcade. 

Father. Now tjjese in stands pro- 
perly applied will convince you, tba% 
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a body ooce pot into motion, would 
go on for ever, if it were not compel* 
led by some external force to change 
its state; 

Charles. J perceive what you are 
going to say;*- it is the' rubbing or 
friction of the marbles against the 
ground which does the business. For 
onutbe pavement there are fewer ob- 
stacles than oq the gravel, and fewer 
en the ke than on the pavement, 
and hence you would lead us to con- 
ekide, that if. all obstacles were re* 
moved they might proceed on far 
ever. . But what are we to say of the 
ball, what stops that ? 

Fatiusr, Besides fmction, there is 
another and still* mfreinportant; eijy 
cumstance to be teke^iifcoconsjc^eiv; 
ation, which effects the ball-, marbles, 
ftnd every. body in iriottoi}. v .- 
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Charles. I understand yon, that is 
the attraction^, gravitation.. 

Father. It is ; far from <whai we 
said when we conversed on thai sub* 
jeet, it appeared that gravity hSi a 
tendency to briog overy body*. in 
notion -to the earth ; consequently; 
mi ta Sew seconds* y our ball musfc 
come to the giuintt t by that ctfwe 
alone j : but besides, the attra&tiofe 
qf gravitation* there is the resist** 
ance which the air, tbcough wtud* 
the bail mores* mriaketi to its, pas* 

Emm*. That cannot be much* £ 
think. < . ». 

< Father* Perhaps, with negkrdto 
the bail * struck feott* your 4 brother's 
trap, it is of no great oGfnsideratkm, 1 
because the velocity is but small ; but 
iq all great velocities, ty» that tf a bait 
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from a musket or cannon, there will 
be a material difference between the 
theory and practice, if it be neglect- 
ed in the calculation. Move your 
mamma's riding- whip through the air 
slowly, and you observe nothing to 
remind you that there'is this resisting 
medium ; but if you swing it withcon* 
siderable swiftness, the noise wlweh 
it occasions will inform you of the 
resistance it meets with from some* 
thing, which is the atmosphere. 
• Charles. If I now understand you, 
the force which compels a body in 
motion to stop, is of three kinds ; 
(1.) the attraction of gravitation;*— ■ 
($.) the resistance of the ah";-*— and 
(S.) the resistance it meets with from 
friction. 
Father. You are quite right 
CAarte. I have no difficulty of 
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conceiving, that a body in motion, 
Will not cerhe to a state of rest, till it 
is brought to it by an external force, 
acting upon it in some way 6r other. 
I have seen a gentleman, when skait- 
ing on very slippery ice, go a great 
way without any exertion to himself, 
but where the ice was rough, he could 
not go half the distance without mak- 
ing fresh efforts. 

Fattier. I will mention another 
instance or two on this law of motion. 
Put a bason of water into your little 
sister's waggon, and when the water 
is perfectly still, move the waggon, 
and the water, resisting the motion 
of the. vessel, will at first rise up in 
the direction contrary to that in which 
the vessel moves. If, when the mo- 
tion of the vessel is communicated to 

4 

the water, you suddenly stop the wag* 
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gon, the water, in endeavouring to con- 
tinue the state of motion, r foes up on 
the opposite side. 

In like madder, if while you are 
sitting quietly on your horse, the ani- 
mal starts forward, you will be in 
danger of falling off backward ; but 
if, while you are galloping along, the 
animal stops on a sudden, you will be 
liable to be thrown forward. 

Charles. This I know by expe- 
rience, but I was not aware of the 
reason of it till to-day. 
. Father. One of the first* and not 
least important uses of the principles 
of natural philosophy is> that they 
may be applied to, and will explain 
many of the common concerns of 
life. 

We now come to the second law of 
motion, which is;— u (hat tfie change 

VOL. I. K 
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of motion is proportional to the force 
impressed, and in the direction of that 
force" 

Charles. There is no difficulty in 
this, for if while my cricket-ball is 
rolling along after Henry has struck it, 
I strike it again, it goes on with in* 
creased velocity, and that in propor- 
tion to the strength which' I exert oh 
the occasion ; whereas, if, while it is 
rolling, I strike it back again, or give 
it a side blow, I changethe direction 
of its course. 

Father. In the Same way, gra- 
fity, and the resistance of the at- 
mosphere, change the direction of a 
eannon-ball from itscourse in a straight 
line, and bring it to the ground ; and 
the ball goes to a farther or less dis- 
tance in proportion to the quantity of 
po f wder ufed. 
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The third law of motion is;-— 
" that to every action of one body 
upon another, there is an equal and 
contrary re-action" If I strike this 
table, I CQmmunicate to it (which 
you perceive by the shaking of the 
glasses) the motion of my hand ; *nd 
the table re-acts against my hand, 
just as much as my hand aqts »g*in*ft 
the table. 

If you press with your finger one 
scale of a balance, to keep it in equi- 
librio with a pound weight iu the otter 
scale, you will perceive, that the srofc 
pressed by the finger, acts against & 
with a force equal to a pound, with 
which the other scale endc^voprs t* 
descehd. 

In all cases the quantity of motion* 
gained by one body is always equal 
to that lost by the other in the s&we 
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direction. Thus, if a ball in motion 
strike another at rest, the motion 
communicated to the latter will be 
taken from the former, and the ve- 
locity of the former will be propor- 
tionally diminished. 

A horse drawing a heavy load is as 
much drawn back by the load as he 
draws it forward. . . 

Emma, I do not comprehend how 
tile cert draws the horse. 

Tatlier. Bat the progress of the 
horse is impeded by the load, which 
is the same thing: for the force which 
tile horse exerts would carry him to 
a greater distance in the same time, 
were he freed from the encumbrance 
of the load, and therefore, as much 
as his progress falls short of that dis- 
tance, so much is he, in effect, drawn 
back by there-action of the loaded cart. 
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Again* if you and your brother were 
in a boat, and if, by means of a rope* 
you were to attempt to draw another 
to you, the boat in which you were 
would be as much pulled toward the 
empty boat as that would be moved to 
you ; and if the weights of the two 
boats were, equal, they would meet 
in a point half way between the two* 

li you strike a glass bottle with aa 
iron hammer* the blow will be re- 
ceived by the hammer and the glass; 
$nd it is immaterial whether the ham- 
mer be mpted against the bottle afc 
rest, or the bottle be owed against 
the hammer at rest, yet the bottle. 
will be broken, though the hammer 
be not injured, because the same 
blow, which is sufficient to break 
glass, is not sufficient to break or 
injure a mass of iron, 

X 3 
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1 From this law of motion you may 
learn in what manner a bird, by the 
stroke of its wings; is able to support 
the weight of its body. 

Charles. Pray explain this, papa. • 
Father. If the force with whioh it 
strikes the air below it is equal to the 
weight of its body, then the re-action 
of the air upwards is likewise equ^Uo 
it ; and the bird, being acted upon by 
two <?<jwtf/ forces in contrary directions, 
will rest between them. If the force 
of the stroke is greater than its weight, 
the bird will rise with the difference of 
these two forces: and if the stroke be 
less than its weight, then it will sink 
with the difference. . 

» 

t r r : . : . i . ■ , 
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CONVERSATION XII. 



On the Law of Motion. 

CHARLES. Are those laws of 
motion which you explained yester- 
day of great importance in natural 
philosophy ? • • \ 

Father. Yes, they are, and should 
be* carefully committed to memory. 
They were assumed by sir Isaac New- 
ton, as the fund am en taK principles of 
mechanics, and you will find them at* 
the., head of all books "written on 
these subjects. From, these also, we 1 
are naturally led to some other" 
branches of science* which; though 
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we cannot but slightly mention, 
should not be wholly neglected* 
They are, in fact, but corollaries to the 
laws of motion. 

Emma. What is a corollary, papa? 

Father. It is. nothing more than 
some truth clearly deducible from 
. some other t«iifvbeft>rectemonstraWd 
^r admitted Thj»?, by ^he^rt<l>w 
of inptUw, epaypqfy must emfowwr. 
i9 smtijme w the st<fa into mhkh it 
is put,, whether it be of rest, qrnniform 
iqptm in a straight tine: from wtoph 
if M\W*> ** a corollary, ^t^ w ben 
we age q> httty move fa a c«rve line t 
it, iijjust Ij^aqtfd vp<W by *t least two 
forces/' •...■„ «. , .• i, 

Ch«ries^ Wb«» I whirl a atont 
twn4 iu 4 sli»g> wfcat . are the Awn 

Jfot&tr. JhW ig'ttoe foftft* bjt 
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which, if you let go the string, the 
stone will fly off in a right line; and 
there is 'the force of the hand, which 
keeps it in a circular motion. 

Emma. Are there any of these cir- 
cular motions in nature ? 

Father. The moon, and all the 
planets move by this law:— * to take 
the moon as an instance. It has a 
constant tendency to the earth, by 
the attraction of gravitation, and ft 
has also a tendency to proceed in a 
right line, by that projectile force im- 
pressed upon it by the Creator, in the 
same manner as the stone flies from 
your hand ; now, by the joint action of 
these two forces, it describes a circular 
motion. 

Emma. And what would be the 
consequence, supposing the projectile 
force to cease ? ...»■ 
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father. The moon must fall to- 
the earth ; and, i£ the force of gravity 
were to cease acting upon the moon, it- 
would fly off into infinite apace. Now 
the projectile force* when applied 
to the planets, i* called the catiri- 
fatgttl force, as having a tendency to 
recede or fly from the centre; andthe 
other fdrce is termed the centripetal 
fierce, from its tendency to some point 
91 a centre* 

Charles And <all this is in oonse- 
qneoce of the inactivity of matter, hy 
which bodies have a tendency t a con- 
tinue in the same state they are in, 
Whether of rest or motion ? 
, Father. You are right ; and this 
principle which sir Isaac Newton as- 
sumed to be in all bodies, he called 
their, vis, inert**, to which we have 
before referred. 
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Charles. A few mornings ago, you 
showed os, that the attraction of th» 
earth upon the moon * is 3600 time* 
teds thati it is upon heavy bodies near 
the tatth'tf surface. Now, as this at- 
traction is measured by the space 
fallen through in a given time, I have 
endeavoured to calculate the space 
which the -moon would fall through 
in a* minute, were the projectile force 
to cease. 

Fattier. Well, and how hate you 
brought it out ? 

Charles. A body falls h^re 16 
feet in the first second, consequently 
in a minute, or 60 seconds, it would 
fall 60 times 60 feet, multiplied by 16, 
that is 3600 feet, which is to be mul- 
tiplied by 16 ; and as the moon would 
Call through 3600 times less' spacfc 
* $w Coavf rsatton IVr : 
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in a given time than a body here, 
it would fall only 16 feet in the first 
minute. 

Father. Your calculation is ac- 
curate. I will recal to your mind 
the second law, by which it appears, 
that every motion or change of mo- 
tion produced in a body, must be 
proportional to % and in the direction 
of the force impressed. Theritfore, 
if a moving body receives an impulse 
in the direction of its. motion, it's ve- 
locity will be increased $ — if in the 
contrary direction, its velocity will be 
diminished j -*- but if the force be im- 
pressed in a direction oblique to that 
in which it moves, then its direction 
will be between that of its former 
motion, and that of the new force 
impressed, 

Chwlcs* This I know from the 
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observations I tywe mad* with, py. 
cricket- ball. 

Father. By this second Uw %| 
motion, yon will easily unde^ta^ 
that if a body at rest receives twft 
impulses, at the same time, ftaset 
forces whose directions do not coin* 
Ctde, it will, by their joint action* 
be made to move in a line that lies 
between the direction of the. force* 
impressed. 

Emma* Have you any machine 
to prove this satisfactorily to the 
senses ? 

Father. There are many such, in- 
vented by different persons, descrip- 
tions of which yon will hereafter (ijtyi 
in various books on tfftse sutyects. 
But it is easily understood by * figure 
If on the ball a (Plate II, Figi 44) 
a force be impressed, sufficient to 

VOL. i. L 



ft&kcf it' 7 rifanft *ith an uniform ve- 
locity to the point b, in a second 
If t&be i arid if ' another force be 
also ittipriessed on the "ball, which 
itohe would make it move to 'the 
yektt <c, in the s'ame time ; ihe 
ball* by means of ' the two forces,* 
irf# describe the line ad,' which is 
ft tfiagotial df thefiigure, tohosft sides 
«W*AcandAB: 

Charles. How then is motion 
produced in ttoe direction of the 
fortes acporditig to the 'second law, 
it ought to be, in one case, in the 
dltietftioft A<% *fid* in ' the other , v in 
tftat &t a By Whereas it is in that 

- Jftittef . ' Exbrtiine the figure a lit- 
tle attentively, c&ryihg thfe in your 
iaifad; that, for a body to moVe id 
Alb Mime direction, H is wg* iiedessary 
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that it should move in the same 
straight line ; but that it is sufficient 
to move either in ' that line, or in 
any one parallel to iJL 

Charles. I perceive then that the 
ball, when arrived atD, has moved in 
the direction ac, because bd is pa- 
rallel to ac ; and also in the direc- 

tion ab, because CD. is parallel. ty i^ 

■ * • • • • j 

Father. And in no other pQ^sibl^ 
situation but at the point p ? could 
this experiment be . conformably to 
the second law of motion. 

You will not forget, that, if a body 
move in a curve, the continued acttoja 
of external force must be inferred : 
if that action were to cease at' any 
point, the body would continue it* 
motion in a straight line touching 
the curvilineal path in that point 
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' FATHER. If you reflect a little 
upon what we said yesterday on the 
second law of motion, you will rea- 
dily deduce the following corollaries*. 
(Plate II, Fig. 14.) 

1. That, if the forees be equal, 
and act at right angles to one an- 
other, the line described by the ball 
will be the diagonal of a square. 
But in aH other cases it will be the 
diagonal of a parallelogram of some 
kind, 

2. By varying the angle and the 
forces, you vary the form of your 
parallelogram. 
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- Charles. Yes, papa* and I se$ 
another consequence, viz. that the 
motions of two forces acting con- 
jointly in this way are not so great 
as when they act separately. 

FatJicr* That js true, and you 
are lqd to the conclusion, I suppose* 
from the recollection, that in every 
triangle any two sides taken together 
fire. greater than the remaining si.de i 
and Jther(?foi!e you infer, and justly 
too, (hat the mptions which the ball 
a must have received, had the forces 
been applied separately, would have 
bean equal to.A<? and aj*, or, which 
is the same thing, to ac and cd, the 
two sides of the triangle ado; but by 
their joint action the motion is. only 

equal to a-d» the, remaining side of 
the triamJge. 

Hence'then you will .remember, 

L3 
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that In the composition, or adding to- 
gether of forces (as this is called), mo- 
tion is always lost: and in the resoiu- 
tion of any one force, as a d, into two 
others, ac and ab, motion is gained. 

Charles. Well, papa, hut how is 
it that the heavenly bodies, the 
moon for instance, which is impelled 
by two forces, performs her motion 
in a circular curve round the earth, 
and not in a diagonal between the 
direction of the projectile force and 
that of the attraction of gravity to 
the earth. 

Fatlwr, Because, in the ease just 
mentioned, there was only the action 
of a single impulse in each direction, 
whereas the action of gravity on the 
moon is continual, and causes an 
accelerated motion, and hence the 
Jtoe is » curve, 
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Charkt. Supposing then, that a 
represent the moon, and ac the six* 
teen feet through which it would fall 
in a second by the attraction of gra- 
vity towards the earth, and a b repre- 
sent the projectile force acting upon 
it for the same time. If ab and ac 
acted'' as single impulses, the moon 
would in that case describe the dia- 
gonal ad ; but since these forces are 
constantly acting, and th^t of gravity 
is an accelerating force also, therefore 
instead of the straight line ad, the 
moon will be drawn into the curve 
line x<*d. Do I understand the 
Matter right ? 

Father; You do; and hence you 
easily comprehend how, by good in* 
ftrument* and calculation, the at* 
traction: of the* earth upon the moon 
wa$ discovered. 
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, The third \zw of motion, viz. that 
QQtion and redaction are equal and in 
contrary directions, may be illustrated 
by the motion communicated by the 
percussion of elastic and . non-elastic 
bodies, 

- , JEmma. What are these, .papa ? 
, * Father. Elastic bodies acs those 
which have a certain spring, by 
which their parts, upon beipg pressed, 
inwards, by, percussion, return ,ti* 
their fornjer state;. this propartyja 
evident /in a ball of wool > op totton* 
or in sponge compressed... N<m~ 
elastic bodies are those whiofr, >.wben 
one strikes another, dp {not rebound, 
but moire together after the stcofce. 
Lat two equal ivory bqU&ja *ftd & 
be;suapended by threads $ $a (Platft 
lf» Fig. 15) be drawn a littler out of 
the perpendicular, add letialLupo* 
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b, it #iH lose its rii6tion l>f commu" 
nicatiirg it to b 9 which Will be driven 
to a distance c, equal to that through 
which a fell ; and hence it appears 
that the re- action of & was equal to 
the action of a upon it. 

Emma. Bui do the parts of the 
ivory balls. yield by the stroke, or, 4s 
you call it, by percussion ? 

Father. They do; for if 1 lay a 
little paint on a, and let it touch b y 
it will make but a very small speck 
lipon it : but if it fall upon b, the 
speck will be much larger; which 
proves that the balls are elastic, and 
that a little hollow, • or dint, was 
.made in each by collision. If now 
two equal soft balls of clay, or gla- 
zier's putty, which are non-elastic, 
meet ealch other with equal veloci- 
ties, they wbufd stop and stick toge* 



the? ^t the pl*pe of their meeting, ag 
Ijtejr juitfi^l actions destroy . each 

>£knrjfis fl I have sometimes sfcpjt 
qWwWbiteftiley agaipst apo*h«r mar- 
ble so plumply* that the marble. haq> 
gene oft ajs swjftly as tfie smiley $p- 
pipaphe^ it, bqt the alley remained 
motionless: in. the place of the njar- 
1/Je, ' Are marbles, therefore, as well 
a$ iirpry, plaptic ? 

j Father. They are. •*- If three elas-» 
tic balls, <K, b 9 c (Plate ill, Fig. 16), be 
bung from ac[jqining ceptpeq, and c 
be drawn a little out of tjie perpendi- 
cular, and let fall upon b, then will 
c.and b become stationary, and a 
will be driven to o, the distance 
through which c fell upon 6. 
-. If y.oq hang any number of balls, 
as six, eight, $,c. y so as to touch .each 
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<Mher, and* if you draw tfte' ontaifle 
one away to a little flfet&nfce, and 
&en fet'it fall upon the bthdrs,.*he 
ball <fo thfe Opposite side, toll . fee 
driven bff While the reirt remhjn* Ma* 
tionaty, so eqttfed'is tfie action and 
re-adtioh of the stationary "balls d& 
vtderf among them.- Iir the sam# 
manner, ' if two aft'dtettta aside tinA 
suffered to fill on the rtety ttoe«oppoi 
site two will fly off, and* the' cithers 
reirtftin statioftary.^ - ; I .' " 'V 

Therie is dne-oftiferbir6uiiistai«^ 
depending npoft <tfee &cffc>h and Re- 
action of bodies, ' and Also upon the 
tAs inertia: of matter, Worth noticing: 
by some authors you wSB fmdlt large- 
ly titeated upon. * • » i " ■ i 

If I strike a bfeeksfaitfiVariVi! 
with a hammer, actio** &Jd re-actfori 
being equal, the anvil strikes the 
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hammer as forcibly as the happier 
strikes the aayiL 

If the anvil, be large; tnt*^)), \ 
might lay it on my breast* find sn^r 
you to strike it with a sledge hammer 
with all your, strength, without *pai» 
or risque, for the vis inertia: of the 
anvil resists the force of the blow. 
Out if the anvil were but a< pound or 
two in weight, your blow vyoukl: pro- 
bably kill nje. 

Emma. Is it owing to this prin- 
ciple, that when a cannon ,on wheels 
is fired, it runs backward ? 

Father* It is $ for the action of 
the* powdtr prp4*f>$* as gr^at a 
quantity of ppotjon in the gun, as in 
the ball, but their motions *are. coup 
trary; the baJL mov^s forward and 
the -cfpuKX* backward* 
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0# f Ae Mechanical Powers. 
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-. CHARLES. WiRyou now, papa* 
explain the mechanical powers ? 

Father. I will, and I hope yog 
have not forgotten whftt. the mp» 
menium, of a body is ? 

Charles. No j it is the* force .of a 
moving body, which force is esti- 
mated by the weight, multiplied 
into its velocity. . . 

Father,. Then a small body may 
have aii eqpal momentum with one 
much larger ? 

Charles. Yes, provided the smaller 
body moves 9s much swifter than 
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the larger one, as the weight of the 
latter is greater than that of the 
former, • v * ^ '''-'' >"* ' i f ^00 

Fatter. What do vou mean 
when you say, that one body mores 
swifter, or has a g^tejrvqtociity than 
another ? 

tii Ckprks. T&at'Mt ^>4s9ei owf a 
greater space in the"£tt&e time, 
Yo$r watch \Wtt ^xplaik niy- mean- 
ing: the ifttatMe-hand tr&v&s* round 
the dial-plate in ati hbiir, !mt the 
hour-hand taktes twelve hotirS x to 
perform its course in, ocmseqttently 
the velocity of the mtaut®ihand is 
twelve times greater than that of 
the hour-hand; because, in thes&me 
time, vfa. twelve hours, it travels 
twelve time the space that is gone 
through by the hour-hand. 
' Mther. But ttois cam be only 
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true 9^, t^ ,^upp»sUian > OMH,;tte 
tap, cirotfft aw equal lfe«Hy watejfc 
the qwppte, jhapd iAiojn^efi than *h« 
<*ber» ^D^^w^qwimly.^be.cirftWi 
descjibed v by.it \js larger t||»n<:ttat> 
described by the hour-haneV .-,*» .-. . 
* Cfyrcfo?. \ . J jqe at oftce, , tbftt j qa^ 
reasoning holds good only ioiAhji-cjwe}. 
wfaerc. ll^,i^a#d3^e^flpal.. ; -• . j 

. Fotffaf . Jhere i%nihpsr»»er». •» 
particular. {KWQt 9f : thp forger hand* 
©£ which ; it , fl&ay be. . said* ,«!ith the 

Mfejvg, tja^ : *fee wloqity of the «K* 

* 

tWUHff ofaberfborte* .: r 

Charles^ Jhpfii? tfee, .poi&t, at; 
which, if the. remattritr were cut 
oft ihe *wq bftwk ,WWW be equal. 
And, ia fact, eyery.diijtteitt point of 
the band*, djtscjrifoes duTereat spaces 
in the saape tine. 
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"Father. ^Tbe little pivot' on which 
th&'two ha&tis seem toy more (for 
tfe^y are rfeaily moved 'fey different 
pifvt>t*, o^e within another) may be 
eaBed the centre ef mot&rt, which' 
is a fixed point; and the longer 
tfrt hand is, the greater is ihe spade 
described, 

Charles. The extremities of the ; 
tanas of a wind-mill, when they are 
going very fast, afe scarcely* distin- 
guishable, though the separate parts, ' 
nearer the mill* ate easily 'discerned ; 
this is oWing to the'4eloctty of the 
extremities being so rritlch greater 
than that of the other parts. 

Emlna. DM not 'the swiftness of 
the round-afconw, Which #e saw at 
lite fair, depend on thte same prin^ 
oipJe, via the length t^ the poles 
upon which the seats Were fced ? 
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. Father. Ye6, tjie greater the cliw 
tance at which these seats went 
pkced from the centre of motion the 
greater was the apace which the little 
boys and girls travelled for their half- 
penny. 

EfnmOm Then those in /the .se- 
cond row had a shorter ride for thein 
money, than those at tfee end of the 

poles ? y 

fairer. T[*$ % shorter as to. space, 
but the same as to time.* lb the 
fame wajf* when yon ftndGbarte* go 
round the gravel- walk for Mf mi 
four's exesciae, if be rat wbile 
you wal& he will, .perb^pfa .have 
goae six; q? eight ttm*s rami,, in 
the same tme fchat yow< have been 
but tljrce or fomr ttfnea; now as to 
ttwfc ypur ;c*ej£Mft<ha* be** eq**!* 
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but be may have passed over double 
the space in the same time. 

Charles. How does this apply to 
the explanation of the mechanical 
powers ? 

Father. You will find the appli- 
cation very easy :— without clear 
ideas of what is meant by time and 
space* yon cannot comprehend the 
principles of mechanics. 

There are six mechanical powers. 
The lever ; the wheel and axle ; the 
pulley; the inclined plane; the wedge; 
and the screw. 

Emma. Why are they called me- 
chanical powers ? 

! Father. Because, by their means, 
we are enable ntechamcatty to raise 
weights, move heavy bodies, and 
overcome resistances, which* . wkt*» 
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out their assistance, oould not be 

ftane* * 

Charles. But is there no limit to 
the astistance gained by these powers? 
for I remember reading of Archi- 
medes, who said, that with a place 
for bis fulcrum he could move th$ 
earth, itself. 

Father. Human power, with all 
the assistance which art can give, is 
very soon limited, and upon thi$ 
principle, that what we • gain in 
power, we lose in time. That is, if 
by your own unassisted strength, you 
are able to raise fifty pounds to a 
certain distance in one minute, and 
if by the help of machinery, you 
wish to raise 500 pounds to the 
same height, you will require tea 
minutes to perform it in ; thus you 
increase your power ten-folcj, but 
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it is at the expense of time. Or, 1ft 
other words, you are enabled to do 
that with one effort in ten minutes, 
wbioh you could have done in ted 
separate efforts in- the same ti tne. 

Emma. The* i at por tanc£ ©f me- 
chanics, then, is Hot feo v^ry con* 
siderable as one, at first sight, would 
Jtnagine : since tliere feno real gain 
of force acquired by the mechanical 
powers. , . 

Father. Though there be not 
any- actual increase* of force gained 
by these powers; yet the advantages 
which men derive from them are 
inestimable. If there are several 
small weights, manageable by human 
strength, to be raised to a certain 
be%ht, it may foe full as convenient 
tolerate tht»m one by one, as to tako 
fife advantage of the mechanical 
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powers in raising them qA stance; 
Because, as we have shown*' the s&(n0 
time will be necessary in both eases. 
But suppose yon have a large block 
of stone of a ton 'Weight to tatty 
away, or a weight still greater, what 
is to be done? 

Emma. I did not think? of that. 

Father. Bodies of this kind can-- 
not be separated into part* propor- 
tionable to the human strength with* 
out immense labour,' nor, perhaps^ 
Without rendering them unfit for 
those purposes to which they are to- 
be applied. Hence then you perceive 
the great importance of the median w 
caj powers, by the use of which a* 
man is able with ease to manage 
a weight many times greater than* 
himself. '" 

Chariot. I have, indeed, seen a 



few wen* k# mews of puUeys, aai 
^ppareptfy, with i*o„my great exetn 
tjop, *ai$e an, enormous oak tr.ee into 
a: timber-carriage, iaopder to convey 
iVta the d^ryard. .> - »,: 

* Father. A, very excellent instance; 
for, if the tree had been cut into such 
pieces a* could have befen manned 
by the natural, strength of tbtse mfen, 
it would not hate, been worth cdrrf* 
mg to Deptfotdor. Chatham ii* the 
purpose of $b*p JwiMtogv . j , < .: *v* 

Emma. 1 acknowledge vy.erwry 
—what i$ a fotafttm ? 

Fqtlutr. U is % fixed p$int> of prop, 
round which jtbe other parte of a mak 
Qhine move* 

Charles. Is the pivot, upon which 
the hands of your watch ukove, a 
fulcrum, then ? 

Father. It is, « and yam remember 
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we called it also the centre of motion : 
the rivet of these scissars is also a 
fulcrum, and also the centre of mo- 
tion* 



V/ 



- Emma. Is that a fixed point or 
prop? 

Father. Certainly H is a fixed 
point, as it regards the two parts of 
ifatosatasara; fi>r/ that' alftrat^s trains 
faiithe same .pos itioo, while the <oth& 
parts moveabof titii Takethe poke* 
*nd stlirthe Arte >—ttow that pttrt 4i the 
jbac oa which .thai poker rests isb<W- 
jcrum, for the poker moves upofcfras 
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0/7Ae Lever. 



FATHER. We will new cons kfcf 

ihfe Letter, which id generally cilled 
ifchftiyt mectlanidal power. ^ 

i .The iever is aiwoflflXibte tat< of 
Jlraod»iiron* .^**f torch *erves loraist 
weights* white, it. is supported *aft a 
point by a prop or fulcrtutov on 
which, as the centre of motion, all 
the other parts turn, ab (Plate II r, 
Fig. 17) will represent a lever, arid 
the point c the fulcrum or centre 
of motion. Now, it is evident, if 
the lever turn on its centre of mo- 



4jkra c, «* thrt a Qtafefc j*t6 thte po 
sitioo a^»,a tafc tbe;9§jn& lime: mta* 
$oone info the position <>&j niftafch 
.the ariw of the \?rtr ter <oqpal, tbtMk 
is, if a c jw fqua) b <?, thefe is no 
adv<urn»ge gained by it, for.tbejr 
pass over equal spaces in the $*Me 
time ; . apd» according to jbjta fuada- 
9ief)tai prin^ple already 4ai<i <to«ta 
(p. 127)> " as advantage of^ow^r ^ 
gained* tifte nnjst^e kpt," t^refore, 
P^4hiw l»^flg:|^t%Ta tewf^pf , A^ 
Ufi4 t^iGaijfce $o ppwfcr g»Mi 

anech«ni<?flipoypr?T...i ., ;I ...;'!• 

,F<#<5n, ,, Strintly<§n«&tpg pwfeH* 
it ought not to be numbered pfrono. 
But if is tmett ybrfeefcoasd among 
tb^pM h^iftg, ,U»B[ tvktam Mwean 

the M^bt %nd.tb§.«ojv<ry w.bMhi is 
the dittinguisbing prQpej^y »f ieyetfs 
VOL. I. N 



<t9H •'•MCHAMfcA* 

«fi the" 6m IckMi.) /And) <*teht-*fe 

4fetir&n die »#«igfetlaf*dJp(rtW<ty ; it Is 
*he ooaMpfen 4>ateni:e i ' tb 1 Which, If 
«0a**S'b«Uu*peti4#cl'eWi'A ttnd fc^'it-fe 
fiUied for w^ghi^g att '*rt8 T -;df 'feofek- 
ttMfditie*; «" ^••> i ', 4 Ijji-P' tjv» *-».q 

«te /^kitM, sfft (tta^ifteferirtMiMte 
"Of'levfefbl"- '>$'-inJ.vl>i; • •■ " <.'?i'l •♦; < 
< ^<rtfe»h' < 'Tfcefe > 4te «*¥e* sorts'; 
i^e^moti^reekettifdtfri-, thefofcrtfe, 
hW«*fcr, isKbfct ft b^rftWtt O&e of 'tte 
tfrttktad: ftfewet-ol'the jfttfftind 
(Plate III, Fig. ^ 16,' t l^)"has ' t*te 

TtekcondtAMtfteltTiPhitc'lW, 

<¥^:4d) hili'tffe ftl&dtti'*ton*te^, 
4hep0wtera«theiotfcteriittd«be\*e}gHt 
%«#e*tt ih&a.- '. ; .«■.', .•••'» - ! » 
' .1 ..*•■ • .. 
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Jj/nfofrthMd ki»A(Waj» mi, 
4tl4r (*#,weigkt • 

Of Levem 9 powers the different sorts are threes 
The first in steel -yards and in scales you see; 
71m teat, a second, is the millers lift, 
WJprc pmcr »nd fidarum to each end yea 

And in the third^ the worst of all, my friend,. 
You find the weight ond fulcrum at each $nd, . 

Let us take the lever of the first 
kind (Fig. 18), whiih, if it be 
moved into the position a 6* by turn- 
ing oa ils fulcrum €,' It is evidtnt 
that wtole a bas travelled owrt ho 
shart space, a a, b bas> trhfcelled over 
the greater space b 6,. which, tppcesr 
are to one another, : fcxacttyjin pro* 
portion to the length of the arms a c 
and bo. U now you apply your 
band first to the point a> and after- 
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warfls 'W #, itixhdvt *& mfcve 4he 
later into ifceipOWtion ab, itfing tb& 
same velocity in both <£ases, yetk } wilt" 
find, that the time, spent in moving 
tbf? jevejr [r wben the hand is at b, 
will be as much greater*, as that 
spent when -the hafid is at^A, as the 
arm b c is longer than the arm A c, 
but then the exertion reqniyed will,! 
in the same proportion, be less at b 
than at a. ^ 

Charles. Thfe aria B c appears to 
be four times the lewgth of a c 
L Father* Then it is a fever which 
gains powtesJ in proportion of foor 
ti»v one. That i», a single pound 
weight applied to the end of the arm 
BOi as atrp, will balance lour pounds 
suspended at a, as w. - 

Charles* . I have seen workmen 
mom large pieces xrf * timber to very 
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small distaoces, by means of a long 
b#r of wood or iron; is that a lever? 
: Fatktr. It is j they force one 
end of. tbe bar under . the timber, 
and then place a blbefc of wood; 
stone, it <?•* beneath* and aa near the 
same end of thei le?er; as possible, 
for a fuloram, applying ttbeir own 
strength, to Abe other: and. power to 
gained in proportion ?s< the {distance 
from the ftlcntm feftithe):part< where 
the, mas apply tfcebr strength, is 
greater ihan *be.;dtftai)be jfromthp 
fulcrum, to that end under i^herim* 
ben Handspikes are-, let em m£ this 
kind, . ' aod , by tteac:, the heaviest 
oanaoeu gwrmored, r ; .: 

Gfcaofc, -Jt must be i very consi* 
derabie, for 1 have seen two or tfcrqe 
men oaape a tree, 4b :tbis> way, of 
fewar^l jtops-^eigbt £ should think, 

H3 



138 **<5HANICS. 

Father. That is not difficult ; for 
supposing a lferer to gafti the adv&*» 
tage of twenty to oaie, aid a Win by 
bis natural i strength is AbW'tol*neYe> 
but a hundred weight, he will find 
that by & Javee of this sort, he can 
move twenty hundred weight, or a 
ton ; '■ but for single exertions, a 
strong iqan can pot forth a much 
greater power, .than that which is 
sufficient *<jto: tfemov* a hundred 
weight ; and levers are also fre- 
quently used, the advantage gained 
by which. is still more considerable 
than twenty to one. ♦■ 

Them &> another method, by 
means of a lever of the fin* land, of 
mooing, and 4v*n d pulling t*±es 
up by their root* A strong seant- 
ling of timber i is .fixed perpendiea* 
larly to the axle of a pair of. cart* 
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wheels, which is strapped firmly to 
tbt IWe ; and when the lateral roots 
tt* etft, by digging a trench round 
itythe tap root or roots are easily 
torn up by a team of two or three 
horse* ; for the tree itself becomes 
the lever, and the axle of the wheels 
its faterem. 

Charles. I think you said, the 
other day, that the common steel- 
yard made use of by the butcher, is 
a lever? f 

Father. J did ; the short arm * c 
(Plate III, Fig. 19) is, by ai> in* 
crease in size, made to balance the 
longer one * c* and from c, the cetn 
tre of motion, • the divisions must 
commence. . Now if a c be divided 
into as many parts as it will contain* 
each equal to a c, a single weight, as 
a pound p, will serve for weighing 
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toy thing as heavy as it&tff, br> a* 
Bjany times heavier as there -art 4h 
visions in the arm c If the iHHghfc 
*'be. placed at t he >di vision 1, irittbe 
arnvB c, it will b lance one t>Qtip4 in 
the; scale at. a; if it be removed to 
Sjj5»>or 7#i it will balance 3, 6, or 7 
pounds in the scale; for tJmf;*Hvi* 
»dns, being irspacXiveiy 3^ 5»,tfd 7 
titoes xim distance . fronp (be • ccaUe 

of ppQtiofl c <bat a U, it htopffltft.^ 
lever, which gains advantage* lat 
$S>Q?e ppint*, iti-thfe pioporfiMKof 
3| A« and 7. If i)ow theHnfcsjwals 
between the divi^iqfts^o© the taoger. 
afro be su&hffide <J intjb halves, iqg*^ 
teto&c* an?\\H\ight. may beacon* 
lately *sc«rtju«e(j to ftlves, qpmfcx% 
9f pmmd$, $«i 
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EMMA. What t&tbntage Has 
tfe iteef-^ard, whtcft yba described 
in our last conversation, over a pair 
oF scales ? 

Fattier. It may be much more 
readily removed from place to place ; 
it requires no apparatus, and only 
a single weight for all the purposes 
to which it can be applied. Some* 
times the arms are not of equal 
weight: in that case .the weight, p 
must be moved along the arm b c, . 
til! it exactly balance the other arm: 



without a weight; and in that point a 
notch must be made, marking over 
it a cipher 0, from whence the divi- 
sions must commence, 

Charles. Does there require great 
accuracy in the~ "manufacture of in* 
ttraments of this kind ? v 

Father. Yes ; of such importance 
is it to the pi*W}c, that there^jslpald 
be no error., pr foiud by queens, of 
false weigtys, ,pr feUe f ba!^cef „tha|t 
it* is the business of certain .public .» 
officers io^HaaMn^^, sjated . s^asqps 

the weighty :#qaflwttp,.&c.. of £VfK7- 
shopkeipper.in:.tbe ian^i ^XffV : it . i% 
te-bafeared^thftt,' aftqr all precau- 
tions, Inucto'frgiud ^ ftfacljs^flqppfc; 
the unsuspecting. , « )( it : , !t , 

~ Emma. I: oae day iesjt sumi^r 
bought, as P supposed, a : po^pd- 9Jf : 
cherries, at .the dpor, but Chffrlfs^. 



tilling 4^ #tf?iitft a pOVto'd wt 
tried thelri'iri^ow^^lies; amifotmii 
t^'twdVettiHicte*, or 1 &ree qti&VWs, 
1iirtk*tef a friufad;««nd yet tite*cfcte 
^fent towtietf if «thfe faiafc had 'gWfcti 
4teWfr*ft£Hi ( MOW Was th^t ma- 

; ' '*k/fe*\ - It *h%ht' bfc dote! » ateriy 

r, #*ytt by "short weights?-^ fey tfoe 

sc*lfe : ih Wiiith ! the • fruit was 1 'pat 

b^itfg toeavter'thah the ofther'j^-btit 

fraud iria^ be* |>ractiised with* Hbhdst 

weights and scabs; by makirtg tbe 

arm 'of the balance «6n vtftlchP thfe 

height -hangs shorte^iliari tfte other, 

for then a pound weight Mil be ba- 

landed by a» touch Jess frtttt' than 

f a pound, as that 1 arm id shorter 

thaii the other; this was probably 

the methbd by which ^ou were,. 

cheated. 



{Jl^re dwgoyeiwi tbfc 9l*e# ? . \ i/. . : . 

t ft-::Jfirtkr<- IV ?<*'<» W NP ?WB>ir 
^E*r*»ct)y balanced, but whqp UmkI- 

ie<U though still in equilibria tbe 

jpcigttisjare un*qtial f and tb$ dggeit 41 

in tantly discovered by changing Up 

.weights to the contrary seated J will 

-&?« yoii a rule to find the trj# w^gUt 

pf any body by such a false balsw^ce^ 

4he reason of the rule you will under- 

£tand hereafter : " Find the weights 

<gf> the body by both scales, multiply 

fthem together, and then find t the 

square root of (lie product, which is the 

f|( . Chartes. Let nap see if t uud&v 
<p}»tid t tie rulr: suppose a body weigh 
~^6 oqitces in one scale, and in tbe^ 
^uier 12 ounces and a quarter* ;j 
multiply 16 by 12 and a quarter, q^d 
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I get the product 196, the square root 
of which i* 14 : for 14 multiplied kit** 
itself gives 196; therefore the true 
weight of the body is 14 otfnCes. 

Father. That is just what I speant. 
-^ To the lever of the first kind may. 
be referred many common instru- 
ments, such ad scissors, pincers, snuf- 
fers, &c, which are made by two le* 
vers, acting contrary to one another. 

Emma. The rivet is the fulcrum, 
or centre of motion, the hand the 
power used, and whatever is to be 
cut iff the resistance to be overcome. 
- Charles. A poker stirring the fire 
is also a lever, for the bar is the ful- 
crum, the hand the poWer, and fMjt 
coals the resistance to be overcome. 

father. We now proofed to level* 
Of the second kind, in wfcicfat the fed* 
crum c (Fig «0) is at one end, the 

VOL, I. O 
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power ; p applied < at 'the other • *> and 
the weight to be raised w, somewhere 
betif eenthe fulcrum and the power. . 
Cltartete' And how is the ad van* 
tage gabied to be estimated in this 
lever? 

Father. By looking at the figure 
you will find that power or advantage 
is gained in proportion as the distance 
&, the point at which the powers ^pts, 
is greater than the distanc.e of the 
weigbt vv from the fulcrum. 
l Charles; Then if the weight kmg 
at one inch from the folcnjip* and the 
power acts at five inches from it, the 
pbwer gained is five* to one, or on* 
ppund %t p will balance five at jv ?, t 

/Father. . It- will; for yo*j- perceive 
that the power passes cr?jer fiys thqes 
a? great a ppace as the weight, ,qr 
$«ule ( U*e goijut a in the le?$r owves.. 
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over one inch, the point b will move 
over five inches, ■: 

J&mma. What. things in common 
use are to be referred to* the lever of 
the second kind ? : > 

Father. The most common and 
useful of all things ; every door, for 
instance, which turns on hinges is a 
lever of this sort. The hinges may be 
considered as the -fulcrum or centre of 
motion, the whole door is the weight 
to be moved, and the power is ap- 
plied to that side on which the lock 
is usually fixed. 

Emma. Now I see the reason why 
there is considerable difficulty in 
pushing open a heavy door, if the 
hand is applied to the part next the 
hinges, although it may be opened with 
the greatest ease in the usual method. 

Charles. This sofa, wit|i sister 
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upon it, represents a lever rof the 
second kind? . > 

father. Certainly, if, while sfte is 
sitting Upon it in . the riikkllej you 
raise one end, while the other re-, 
maim fixed as a prop or fulcrum. To 
this kind of lever may be also reduced 
nufecrackdrs ; oars; rudders of ships ; 
those cutting-knives which have one 
end fixed in a block, sueh as are wed 

* 

for cutting chaff, drugs, wood far 
pattens, &c. 

Emma. I do not see how Mrs atad 
rudders are levers of this; sort. 

Father. The boat is the weight to 
be moved, the water is the fulcrum, 
and the waterman at the handle *he 
power. The masts of ships are abo 
levers of the second kind, for the 
bottom of the vessel is the fulcrum, 
the ship the weight, and the wind 
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acting against the sail is the moving 
power. 

The knowledge of this principle 
may be useful in many situations and 
circumstances of life: — if two men 
unequal in strength have a heavy 
burden to carry on a pole between 
them, the ability of each may be con- 
sulted by placing the burden as much 
nearer to the stronger man, as his 
strength is greater than that of his 
partner. 

Emma. Which would you call the 
prop in this case ? 

Father. The> stronger man, for 
the weight is nearest to him, and then 
the weaker must be considered as the 
power. Again, two horses may be 
so yoked to a carriage that each shall 
draw a part proportional to his 
strength* by dividing the beam ia 

03 
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such a manner, that the point of 
traction, or drawing, may be as much 
dearer to the stronger horse than to 
the weaker, as the strength of the 
former Exceeds: that of the letter. 

The principle of the wheel-harrow 
may be referred to a lever of the se- 
cond kind. The fulcrum c (Fig. SO) 
may be considered as the wheel, w 
the load, and b the place where the 
hands are applied : hence a man is 
enabled to drive or drag & much 
heavier load' than he eould carry, 
because his power at a is applied far- 
ther from the centre of motion c 
than the weight w. 

We will now describe the third 
kind of lever. la this the prop or 
fulcrum c (Fig. 81) is at one end, tho 
weight w at the other, and the power 
j» s applied at b, somewhere between 
the prop and weight. 
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Charles. In this cue, the weight 
being farther from the centre of mo- 
tion than the power, must pass 
through more space than it. 

Father. And what is the conse- 
quence of that ? 

Charles. That the power must be 
greater than the weight, and as much 
greater as the distance of the weight 
from the prop exceeds the distance of 
the power from it, that is, to balance 
a weight of three pounds at a, there 
will require the exertion of a power p, 
acting at b, equal to five pounds. 

Father. Since then a lever of this 
kind is a disadvantage to the moving 
power, it is but seldom used, and only 
in cases of necessity; such as in that 
of a ladder, which, being fixed at one 
end against a wall or other obstacle, is, 
by the strength of a maa's am* raised 
into a perpendicular situation. But 
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the most important application of 
this third kind of lever is manifest in 
the structure of the limbs of animals, 
particularly in those of man: to take 
the arm as an instance; when we lift 
a weight by the hand, it is -effected 
by means of muscles coming from 
the shoulder blade, and terminating 
about one tenth as far below the el- 
bow as the hand is : now the elbow 
being the centre of motion round 
which the lower part of the arm 
turns, according to the principle just 
laid down, the muscles must exert a 
force ten times as great as the weight 
that is raised. At first view, this 
may appear a disadvantage, but what 
is lost in power is gained in velocity, 
and thus the human figure is better 
adapted to the vawoo6 functipns it 
has to perform. 
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CONVERSATION XVII. 



Of the Wheel and Axis. 

FATHER. Well, Emma, do you 
understand the principle of the lever, 
which we discussed so much at large 
yesterday ? 

Emma. The lever gains advan- 
tage, in proportion to space passed 
through by the acting power; that is, 
if the weight to be raised be at the 
distance of one inch from the fulorum, 
and the power is applied nine inches 
distant from it* then it is a lever, 
which gains advantage as to l , be- 
cause the space passed through by the 
power is nine times greater than that 
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passed through by the weight ; and, 
therefore, what is lost in time by 
passing through a greater space, is 
gained in power. 

FatJier. You recollect, also, what 
the different kinds of levers- are, I 
hope, 

. Emma. I shall never see the fire 
stirred without thinking of a simple 
lever of the first kind ; my scissai* 
will frequently remind me of a com- 
bination of two levers of the same 
sort. The opening and shutting of 
the door, will prevent me from for- 
getting the nature of the lever of the 
second kind: and I am sure, that I 
shall never see a workman raise a 
ladder against a house, without recol*. 
lecting the third sort of lever. Be- ' 
sides, I believe a pair of tongs is a 
lever of this kind. 
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Father. You are right; for the 
fulcrum is at the joint, and the 
power is applied between that and 
the parts used in taking up coals, 
&c. — Can you, Charts, tell us how 
the principle of momentum applies to 
the lever ? 

Charles. The moment am of a 
body n estimated by its weight, 
multiplied into i its velocity; and the 
velocity .must be calculated by the 
space > passed thttaigh io a given 
time. Now, if I examine the lever 
(Fig. 1 8, 20), and consider it as an 
ittfloKible bar,' turning on a centre of 
motion, it is evident, that the same 
time is usqd for the motion both of 
the weight and , the power, but. the 
spaces passed over are very different; 
thai Which the power passes through 
being as much greater than that 
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passed by the weight, as tire length 
of the distance of the power from the 
prop is greater than tb$ distance of 
the weight from the prop ;, anc| the 
velocities, being a* tke:apacaa passed 
in the same time, must be greater in 
the same proportion. Consequently, 
the velocity of p, the power, multi- 
plied into its weight, will be equal to 
the smaller velocity of w y multiplied 
into its weight, and thus, their mo- 
ment* being equal, they, will balance 
one another. • ~ 

Father. This applies to the first 
and second kind of lever; wfeat 4o 
yon say to the third ? 
, Charts. In the third, the veto- 
city of the power P (Kg. $1), be- 
ing less than that of the weight w, 
it » evident, \n wrier that their m»~r 
mentamay be eqofl, tfeat the weight 
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acting at p most be as much greater 
than that of w as ac is less than 
*c, *»d then they will be in equi- 
lH>rio. 

Father. The second mechanical 
power is the Wheel mid Axis> which 
gains power in proportion as the 
circumference of the wheel is greater 
than that of the axis; this machine 
may be referred to the principle of the 
fever, ab (Plate in, Fig. 22) is the 
wheel, m> its axis, afad* if the circum* 
ference of the wheel be eight times as 
great as that of the axis, then a single 
pound f will balance a weight w of 
tight pounds. 

Ckarkf. I* it fey an instrument 
of this kind that water is drawn from 
thw? dfgp wells so common in many 
parts of tbe oonntry & 

JFtOkcr. J* is* but as in most 

yoL v r 
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cases of this kind only a single backet 
rs. raised at once, there requires but 
little power in the operation, and 
therefore, instead of a large wheel as 
ab, an iron handle fixed at a is made 
use of, which, you know, by its cir- 
cular motion, answers the purpose of 
a wheel. 

C/uirles. I once raised some wa- 
ter by a machine of this kind, and I 
found that as the bucket ascended 
nearer the top the difficulty in- 
creased. 

Father. That must always be the 
case, where the wells are so deep as 
to cause, in the ascent, the rope to 
Coil more than .once the length- of 
the axis, because4he advantage gain- 
ed is in proportion as the circumfe- 
rence of the whqei is^greater thani 
tsUat of the;axis ; 90 theft if the cir- 
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cumferenee of the wheel be 12 times 
greater than that of the axis, 1 pound 
applied ^t the former will balance 1£ 
hanging at the latter; but by the 
coiling of the rope round the axis, 
the difference between the circumfe- 
rence of the wheel and that of the 
axis continually diminishes, conse- 
quently the advantage gained is less 
every time a new coil of tope is 
wound on the whole length of the 
axis; this explains why the .difficulty 
of drawing the water, or any other 
weight, increases as it ascends nearer 
the top. 

Charles. Then by diminishing the 
axis, or by increasing the length of 
the handle, advantage is gained ? 

Fatter. Yes, by either of those 
methods we may, gain power, but it 
js very evident that the axis cannot 
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be diminished beyond a certain Kuril, 
without rendering it too weak to sus- 
tain the weight; nor can the handle 
be managed if it be constructed on 
a scale much larger than what it com* 
monly used. 

Charles. We must then h*v* 
recourse to the wheel with spikes 
standing out of it at certain dif* 
tancesfrom each other to serve as 
levers. 

Father. ] Yon may by this mean* 
increase your power according to 
your wish, but it must be at the ex* 
pense of time, for you know that a 
simple handte may be turned several 
times while you are polling the wheel 
round once* To the principle of the 
tvheel and at is, may be referred the 
Capstan, windlass, and all those tttt* 
itaerous kinds of cranes, which an* to 
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be seen at the different wharfs on the 
banks of the Thames, 

Rous'd from repose aloft the sailors swarm, 
And with their levers soon the windlass arm. » 
The order given, up-springing with abound' 
Tbey lodge the bars and wheels their en- 
gines round : 
At ev'ry turn the. clanging pauis resound. 
Uptorn, reluctant, from its oozy cave, 
The ponderous anchor rises o'er the wave. 

Falconer's Shipwreck. 

Charles. I have seen a crane, 
which consists of awheel large enough 
for a man to walk in. 

Father. In this the weight of the 
ipaa, or men (for there are some- 
times two or three), is the moving 
power; for, as the man steps for- 
wards, the part upon which he treads 
becomes the heaviest, , and conse- 
quently ^esceqds till it be the lowest, 

t3 
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On the same principle, ydu may set 
at the door of many bird-cage makers, 
a bird, by its weight, give a wicker 
cage a circular motion ; now, if there 
were a small weight suspended to the 
axis of the cage, the bird by its n>0* 
tion would draw it up, for as it hops 
from the bottom bar to the fteit, its 
momentum causes that to descend, 
and thus the operation is performed, 
both with regard to the cage, and to 
those large cranes which you hive 
seen* 

Emma. Is there no d*ngfef if the 
man happen to slip I 

Father. If the weight be «frry 
great, a slip with the few may be 
attended wifth very 4flngf*ous con-' 
•eqnefaees* Te prevent which, there 
is generally fixed at one «nd of the 
attis a titll* «bMl o (Fig. M), caltel 
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a racket- wheel; with a catch h, to 
Ml into its teeth ; this will, at any 
time, support the weight in case of 
ah accident. Sometimes, instead of 
men walking within the great wheel, 
cogs are set round it on the outside, 
and a small trundle wheel made to 
work in the cogs, and to be turned 
by a winch. 

€harle$. Are there not other sorts 
of cranes io which all danger is 
avoided ? 

Fatlier. The crane is a machine 
of sech importance tor the commer- 
cial concerns of this country* that 
new inventions of it are continually 
rfered to the public t I will, fthen 
We go to the library, show you, in 
the i(Hh vol. of the Transactions of 
the Society for the Encouragement 
pf Arts and Sciences, an enguavtflg 
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of a safe, and, I believe, truly excel- 
lent crane; it was invented by a 
friend of mine, Mr. James White* 
who possessed a most extraordinary 
genius for mechanics, and who for* 
merly offered his services to a noble 
Duke, then at the head of the Board 
of Ordnance, but these being reject- 
ed, he went to the Continent, where, 
for some years, he was very profita- 
bly exercising his talents. But he 
is now settled as a manufacturer ia 
his own country. 

Cnarles. You said that this me- 
chanical power might be considered 
as a lever of the first kind. 

Father. I did ; and if you con* 
ceive the wheel and axis (Fig. 22) 
to he cut through the middle in the 
.direction ab; fgb (Plate in, Fig. 
$3) wiU represent a section of it. ab 
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is a lever, whose centre of motion is 
C ; the weight w, sustained by the 
rope aw, is applied at the distance ca> 
the radius of the axis; and the power 
P; acting in the direction up, is applied 
at the distance cb, the radius of the 
wheel; therefore, according to the 
principle of the lever, the power will 
balance the weight when it is as much 
less than the weight, as the distance 
c* is greater than the distance of the 
weight AG* 



16S MECHANICS. 



CONVERSATION XVIII. 



Of the Pulley. 

FATHER. The third mechani- 
cal power, the pulley, may be likewise 
explained ^on the principle of the 
lever. The line ab (Plate IV, Fig. 
24) may be conceived to be a lever, 
whose arms ac and bc are equal, and 
c the fulcrum, or centre of motion. 
If now two equal weights, W and p, 
be hung on the cord passing over the 
pulley, they will balance one an* 
other, and the fulcrum will sustain 
both. 
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Charles. Does this pulley then, 
like the common balance, give no 
advantage ? v 

. Father. From the single fixed 
pulley no mechanical advantage is 
derived ; it is, nevertheless, of great 
fknportance in changing the direction 
of a power, and is very much used 
in buildings for drawing up small 
weights, it being much easier for a 
man to raise such burdens by means 
of a single pulley, than to carry them 
up a long ladder* - 

.Emma. Why is it called & me- 
fchanical power ? 

Father. Though a single fixed 
pulley gives no advantage, yet when 
k r is not fixed, or when two or more 
*re combined into what is called a 
system of pulleys, they then possess 
*}1 the properties of the other mecha- 
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nicsl powers. Thus io eDK (Plate IV, 
Fig. 95) c is the fulcrum, therefore 
a power p, acting at b, will sustain a 
double weight w> acting at a, for & c 
is double the distance of ac from the 
fiulcrum. 

Again* it is evident, in the present 
ease, that the whole weight is sus* 
tained by the cord idp, and what- 
ever sustains half the cord, sustain* 
also half the weigh* $ but one Jwdtf 
ie sustained by the fixed hook n, oan» 
sequently the power at F has only thn 
other half to sustain, or, in o&er 
words, any given power at P w«tt 
keep in equilibrio a double weight 

at w. 

Charter Is the velocity of P doiAln 
that of w ? 

Father. Undoubtedly ; if 50191 
compare the space passed cbraugh by 
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the hand at f with that passed by W, 
you will find thai the farmer is just 
double of the latter, and therefore 
the momenta of the power and weight, 
as in the lever, are equal* 

Charles. I think I see the reason 
of this, lor if the weight he raked 
an inch, or a foot, both sides of the 
eord mast also be raised an inch, or 
foot, but this cannot happen without 
^hat part of the cord at r passing 
through two inohes, or two feet of 
space. 

Father. You will now easily in* 
fer, from what has been already 
shown of the single moveabk puUeyy 
that, in a system of pulleys,. the power 
gained must be estimated,, by *tou* 
bling the number pf pulley* in tim 
lower or moveable block* 5q that 
when the fixed block x (Plate IV, 

VOL. I. Q 
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Fig. 26) contains two pulleys ^bich 
only turn on their axes, and the 
lower block y contains also two pul? 
> leys, which not only turn on their 
axes, but also roe with the weight* 
the advantage is as four ; that is a 
single pound at p will sustain four 
atw. 

Charles. In the present instance 
also I perceive, that by raising w ao 
inch, there are four ropes shortened 
each an inch, and therefore the hand 
must have passed through four inches 
of space in raising the weight a single 
inch; which establishes the. m#xiti}, 
that what is gained in power is lq$t 
in space. But you have , only 
talked of the power of balancing or 
sustaining the weight, something mors 
must, I suppose, be added to raise 
it, - 
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Father. -There must; consider* 
ible allowance must likewise be made 
for the friction of the cords, and of 
the pivots, or axes, on which the 
pulleys turn. In the mechanical 
powers, in general, one-third of the 
power* must be added for the loss 
sustained by friction, and for the 
imperfect manner in which machines 
are commonly constructed. Thus, 
if by theory you gain a power of 
600; in practice^ you must reckon 
only upon 400. In those pulleys 
which we have been describing, writ* 
ers have noticed three things, which 
take much from the general advan- 
tage and convenience of pulleys as 
a mechanical power. The Jirst is, 
that the diameters-of the axes bear a 
great proportion to tneir own dia- 
meters. The second is, that in work' 



iag they are apt to rah against one 
another, or against the side of the 
Mock. And the third disadvantage 
is the stiffness of the rope that goes 
Over and under them. 

The first two objections have been, 
la a great degree, removed by the 
concentric pulley, invented by Mr. 
James White : b (Plate IV, Fig. 27) 
is a solid block of brass, in which 
grooves are cut, in the proportion of 
h Sf 5, 7f 9, &c.» and a is another 
Mock of the same kind, Whose grooves 
are in the proportion of 2, 4, 6, 8, 10, 
fcc, and round these grooves a cord 
is passed, by which means they answer 
the purpose of so many distinct pul- 
leys, every point of which moving 
with the velocity of the string in con- 
tact with it, the whole friction is re* 
moved to the two centres of motion of 
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the blocks a and b ; besides it is of no 
small advantage,thatthe pulleys being 
all of one piece, there is no rubbing 
one against the others. \ 

Emma. Do you calculate the 
power gained by this pulley, in the 
same method as with the common 
pulleys ? 

Father. Yes, for pulleys of every 
kind the rule is general, the advan- 
tage gained is found by doubling the 
number of the pulleys in the lower 
block : in that before you there are 
six grooves, which answer to as 
many distinct pulleys, and conse- 
quently the power gained is twelve, or 
one pound at p will balance twelve 
pounds at w. 



Q3 



174 jgpcHA*ice< 



CONVERSATION XIX. 



Of the Inclined Plane. 

FATHER. We may now describe 
the inclined plane, which is the fourth 
mechanical power. 

Charles. Yon will not be able, I 
thiok, to reduce this alsp to the prin- 
ciple of the lever. 

Father. No, it is a distinct prin- 
ciple, asd sdiae writers on these sub- 
jects reduce at once the six mechani- 
cal powers to two, viz. the lever and 
inclined plane. 

Emma. How do you estimate the 
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advantage gaioed by Ibis mechanical 
power ? 

Father. The method is very easy, 
for just as much as the length of the 
plane exceeds its perpendicular height, 
so much is the advantage gained* 
Suppose ab (Plate IV, Fig. 26) i4 
a plane standing on the table, and 
c D another plane inclined to it ; if the 
length $0 be three times greater 
than the perpendicular height; then 
the cylinder £ will be supported 
upon the plane cb, by a weight 
equal to the third part of its own 
weight. 

Emm*. Could I then draw up a 
weight on each a plane with a third 
part of the strength that I must exert 
in lifting it up at the end ? 

Father. Certainly you might j 
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allowance, however, mast be made 
for Overcoming the friction; but. 
then you perceive, as in other me- 
chauical powers, that you will have 
three times the space to pass over, 
or that as you gain power you will 
lose time, 

• Charles. Now I understand the 
reason why sometimes there are two 
or three strong planks laid from the 
street to the ground- floor warehouses, 
making therewith an inclined plane, 
on which heavy packages are raised 
or lowered. 

Father. The inclined plane is 
chiefly used for raising heavy weights 
to small heights, for in warehouses 
situated in the upper part of buildings, 
cranes and pulleys are fetter adapted 
for the purpose. 
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Charles. I have iometirtiei 
amused myself by observing t.h$ dW* 
fereuce of tim* which one roW.ble 
has taken to roll ddwn a smooth 
board, and another which has fatten 
by its own gravity without aojffettp* 
port. 

Father. And if it were a loeg plank, 
arid you took caretolet>both marbles 
drop from the hand at the same instant, 
I dare say you found the difference 
♦ery evident. 

Char Us. I did, ami now you 
have enabled me to account for it 
very satisfactorily, by showing mi 
that as much more time is spent in 
raising a body along an inclined 
plane, than in lifting it up at thb 
end, as that plane is longer than 
ks perpendicular height For I 
take it for granted that the rale 
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hold* in the descent is well as in the 
ascent. • • 

« Father. If you have any doubt 
remaining, a few words will make 
every tiling clear. Suppose your 
marbles placed on a plane perfectly 
horizontal, as on this table, they will 
remain at rest wherever they Bre 
placed : now if . you elevated the 
plane in such & manner that its 
height should be equal to half the 
length of the plane, it is evident 
from what has been shown before,, 
that the marbles would require a 
force equal to. half their weight to 
sustain them in any particular posi- 
tion : suppose then the plane perpen- • 
dicular to the table, the marbles wiH 
descend with their whole weight, for 
how the plane contributes in, no re- 
spect to support them, consequently 
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they would require a power equal to 
their whole weight to keep them from 
descending. . 

Charles. And the swiftness with 
which a body falls is to be estimated 
by the force with which it was acted 
upon ? 

Father. Certainly, for you are 
now sufficiently acquainted with phi- 
losophy to know that the effect must 
be estimated from the cause. Sup* 
pose an inclined pUne is thirty-twp 
feet long, >^nid its perpendicular 
freight is sixteeu feet, tphat time will 
a mar,b,le t^ke, in falling down the 
$>lap£» ^pd .also in descending from 
the top to the earth by the force of 
gravity ? 

. Charles. By the attraction of gra- 
vitation, a body falls sixteen feet in a 
second (see p. 6.1), therefore the mar- 



We Wifl be one second in falling per- 
pendicularly to the ground ; and as 
the length of the plane is double its 
height, the marble must take two se- 
conds to rdH down it. 

fbtfcr. I will try you with ati* 
other example. If there be a plane 
64 feet perpendicular freight, and 3 
times 64, or 1 #4 Feet long, tell me 
What time a marble will take in fatting 
to the earth by the attraction of gra* 
tity, and how long it wiH be in de- 
scending down the plane, 

Charles. By the attfcaetkm «f 
gravity it will fall in two seconds; 
because, by multiplying the statetot 
feet which it fells in -.the first secoftd, 
by the square of two seconds {*fc$ 
time) or four, I get sixty- fou*, the 
height of the pla«e. But the plaae 
being three times as long at it n 
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perpendicularly high, it must be 
three times as many seconds in roll* 
ing down the plane as it was in de- 
scending freely by the force of gra- 
vity, that is, six seconds. 

Emma. Pray what common in- 
struments are to be referred to this 
mechanical power, in the same way 
as scissars, pincers, &c., are referred 
to the lever ? 

Father: Chisels, hatchets, and 
whatever other sharp instruments 
which are chamfered, or sloped down 
to an edge on one side only, may be 
referred to the principle of the in* 
clined plane. 

The principle of the inclined 
plane is applied in the construction 
of carriage-ways, for the conveyance 
of heavy toads up steep elevations i 
also in railways, &c. 

vol. I. R 
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CONVERSATION XX. 



Of the Wedge. 

* 

FATHER. The next mechanical 
power is the wedge > which is made up 
of the two inclined planes defg 
and cefg (Plate IV, Fig. 29), joined 
together at their bases eEFG: iyc 
is the whole thickness of the wedge 
at its back abcd, where the power 
is applied, and df and cf are the 
length of its sides ; now there will 
be an equilibrium between the power 
impelling the wedge downward, and 
the resistance of the wood, or other 
substance acting against its sides* 
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when the thickness d c of the wedge 
is to the length of the. two sides, or, 
which is the same thing, when half 
the thickness de of tha wedge at its 
back is to the length, of df one of its 
side!, as the power is to the resistance. 

Charles. This is the principle of 
•the inclined plane. . 

< F(ffh^r. • It is, and notwithstand- 
ing all the disputes which the me- 
thods. ?f calculating the advantage 
gained by the wedge have occa- 
sioned, I see no reason to depart 
from the opinion of those who con- 
sider the wedge as a double inclined 
' plane. 

Emma. I have seen people cleav- 
. ing wood with wedges, but they seem 
to have no effect, unless great force 
and great velocity are also used. 

Father. No, the power of., the 
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attraction of cohesion, by which the 
parts of wood stick together* is *o 
great, as to require a considerable 
momentum to separate them. Did 
you observe nothing else in the ope- 
ration worthy of your attention i 

Charles* Yes, I also took notice 
that the wood generally split * littlfc 
below the place to which the wedge 
reached. 

Father. This happens in clearing 
most kinds of wood, and then tte 
advantage gained by this mechanical 
power, most be in proportion as ttfe 
length of the sides of the cleft in the 
wood is greater than the length of 
the whole back of the wedge. There 
are other varieties in the action of 
the wedge ; but, at present, it is not 
necessary to refer to therti* 

Mmmrn* Since you said that all in* 
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struments, which sloped off to aa 
edge on one side oply, were to be 
explained by the principle of the in- 
clined plane ; so» I suppose, that 
those which decline to an edge on 
both sides, must be referred to the 
principle of the wedge. 

Father. They must, which is the 
case with many chisels, and almost 
all sort of axes, nails, bayonets, &c. ; 
the teeth of animals act also as 
wedges. A saw is a series of wedges, 
on. which, the motion impressed is 
oblique to the resistance. 

Charles. Is the wedge much used 
as a mechanical power ? 

Father. It is of great importance 
in a vast variety of cases, in wjhich 
the other mechanical powers are of 
.no avail ;.>and this arises from the 
momentum of the blow, which is 

R3 
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•gre*ter> beyond comparison, than the 
application of atoy dead weight or 
pressure, such as is employed in the 
other mechanical powers. Hence it 
5$ used in splitting wood, rocks, &o.> 
and even the largest ship may be 
raised to a small height by driving a 
wedge below it, 

Emma. Has it been applied to 
feny other purposes? 

Father. It is used for raising the 
beams of a house, when the floor 
gives way, by reason of too great a 
burden having been laid upon them. 

It is usual also in separating large 
mill-stones from the siliceous sand- 
rocks, in some parts of Derbyshire, 
to bore horizontal holes under them 
in a circle, and fill these with pegs 
or wedges made of dry wo6d, which 
gradually swell by the moisture of 
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the earth, and in a day or two lift 
\ up the mill-stone without breaking 
* it ; to this practice Dr. Darwin al- 
ludes : -r>- 

Climb the rude steeps, the granite cliffs sur- 
round, 

Pierce with steel points, with wooden wedges 
wound! 

fi The principle of the wedge is 
called into action by almost every 
mechanic, and in a thousand instances, 
,io which the reason of the thing is 
MQt even thought of. To mention a 
single instance, builders, in raising 
their scaffolds, always tighten the 
.ropes round their scaffolding poles 
by means of wedges driven between 
the cords and the poles. 
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CONVERSATION XXL 



Of the Screw. 

FATHER. Let us now examine 

the properties of the sixth and last 
mechanical power, th4 screw; which, 

however, cannot be Called !a * simple 

« 

mechanical power, since it is never 
Used without the assistance of a lever 

M 

1 

or winch ; by which it becomes a 
compound engine, and it is of great 
power in pressing bodies together, <6r 
in raising great weights, ab (Plate 
IV, Fig. 30) is the representation of 
one, together with the lever df. 
Emma. You said just now, papa, 
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that all the mechanical powers were 
reducible either to the lever or in- 
clined plane : how can the screw be 
referred to either ? 

Father. The screw is composed of 
two parts, one of which, ab, is called 
the screw, and consists of a spiral 
protuberance, called the thread, w hich 
may be supposed to be wrapt round 
a cylinder* the other part, c d, called 
the nut 9 . is perforated to the di- 
mensions of the cylinder; and in 
the internal cavity is also a spiral 
groove adapted to receive the thread. 
Now, if you cut a slip of writing- 
paper in the form of an inclined plane 
ahc (Fig. SO), and then wrap it 
round a cylinder of wood, you will 
find that it makes a spiral answering 
to the spiral part of the screwy 
-moreover, if you consider the ascent 
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of the screw, it will be evident that 
it is precisely the ascent of an inclined 
plane. 

Charles. By what means do you 
calculate the advantage gained by the 
6crew ? 

Father. There are, at first sight* 
evidently two things to be taken kito 
consideration ; the first is the dis- 
tance between the threads x>f the 
screw; — and the second is th6 
Jength of the lever. , •. 

Charles. Now I comprehend 
pretty clearly how it is an inclined 
plane, and that its ascent is more or 
less easy as the threads of the spiral 
are nearer or farther distant from 
each other. 

Father. Well then, Jet me exa- 
mine* by a question, wither your 
conceptions be accurate; suppose 



OF THS SCRfiW. ldl 

two' screws, the circumferences of 
whose cylinders are equal to one an- 
other; but in one, the distance of 
the threads to be an inch apart ; and 
that of the threads of the other only 
one-third oC an inch ; what will be 
„ the difference of the advantage gain- 
ed by ode of the screws over the 
other ? 

Charles. The one, whose threads 
are three times nearer than those of 
the other, must, I should think, give 
three times the most advantage. 

Father. Give me the reason for 
what you assert. 

Charles. Because, from the prin- 
ciple of the inclined plane, I learnt 
that if the height of two planes were 
the same, but the length of one, 
twice, thrice, or four times greater 
than that of the other, the mechanical 
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advantage gamed by the logger plane 
would be two, three, or four tiro** 
more than that gained by the shorter. 
Now, id the present case, the height 
gained in both screws is the same, 
one inch, but the space passed, in 
that, three of whose threads go to an 
inch, must be three times as great as 
the space passed in the other; there* 
fore, as Space is passed, or time lost, 
just in proportion to the advantage 
gained, I infer that three times more 
advantage is gained by the screw the 
threads of which are one- third of an 
inch apart, than by that whose threads 
are an inch apart, 

Fother. Your inference is just, 
and naturally follows from an accu- 
rate knowledge pf the principle of 
the inclined plane. But we have said 
nothing about the lever. 
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Charles \ This seemed hardly ne- 
cessary, it being so obvious to any 
one, who will think a moment, that 
power is gained by that, as in levers 
of the first kind, according to the 
length f d from the nut. 

Father. Let us now calculate the 
advantage gained by a screw, the 
threads of which are half an inch 
distance from one another, and the 
lever 7 feet long. 

Charles. I think you once told 
me that, if the radius of a circle was 
given, in order to find the circum- 
ference, I must multiply that radius 
by 6. 

Father. I did ; for though that is 
not quite enough, yet it will answer 
all common purposes, till you are a 
little more expert in the use of deci- 
mals. 

VOL. L S 
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Cltarles. Well, then, the circum- 
ference of the circle made by the re- 
volution of the lever will be 7 feet, 
multiplied by 6, which is 42 feet, or 
504 inches; but, during this revolu- 
tion, the screw is raised only half an 
kich, therefore the space passed by 
the moving power will be 1008 times 
greater than that gone through by the 
weight, consequently the advantage 
gained is 1008, or one pound applied 
to the lever will balance 1008 pounds 
acting against the screw. 

Father. You perceive that it fol- 
lows as a corollary from what you 
have been saying, that there are two 
methods by which ybu may increase 
the mechanical advantage of the. 
screw. 

; Qharles. I do ; — it may betddne 
either by taking a long lever, or by. 



» • 
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diminishing the distance of the threads 
of the screw. 

Father. Tell nre the result then, 
supposing the threads of the screw 
so fine as to stand at the distance of 
but one quarter of an inch asunder * 
and that the length -of the lever were 
8 feet instead of 7. 

Charles. The circumference of the 
circle made by the lever will be 8 
multiplied by 6, equal to 48 feet or 
576 inches, or 2304 quarter inches** 
and as the elevation of the serew is 
but one quarter of an inch, the space 
passed by the power will, therefore, 
be 2304 times greater than that pass- 
ed by the weight, which i* the advan- 
tage gained in this instance. 

Father. A child, then, capable of 
moving the lever sufficiently to over- 
come the friction, with the addition 
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of a .power equal to one pound, will 
be able to raise 2304 pounds, or some- 
thing more than 20 hundred weight 
and a half. The strength of a pow- 
erful man would be able to do 20 or 
90 times as much more. 

Chirks. But I have seen, at Mr. 
Wilmot's paper-mills, to which I once 
went, six or eight men use all their 
strength in turning a screw, in order 
Xq press out the water of the newly 
made paper. The power applied in 
that case must have been very great 
indeed. 

Father. It was ; but I dare say 
that you are aware that it cannot be 
estimated by multiplying the power 
of one man by the number of men 
employed. 

Charles. That is, because the men 
standing by the side of one another, 
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the lever is shorter to every man the 
nearer he stands to the screw, conse- 
quently though he may exert the 
same strength, yet it is not so effec- 
tual in moving the machine, as the 
exertion of him who stands nearer to 
the extremity of the lever. * 

Father. The true method, there- 
fore, of calculating the power of this 
machine, aided by the strength of 
these men, would be to estimate ac- 
curately the power of each man ac- 
cording to his position, and then 
adding all these separate advantages 
together for the total power gained. 

Emma. A machine of this kind, 
is, I believe, used by bookbinders, to 
press the leaves of the books together 
before they are stitched ? 

Father. Yes, it is found in every 
bookbinder's workshop, and is par- 
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\ ticolarly useful where persons are de- 
sirous of having small books reduced 
to a still smaller size for the pocket. 
It is also the principal machine used 
for coining money, for taking off 
copper-plate prints, and for printing 
in general. 

Charles. I remember Dr. Dar- 
win's description of coining. 

With iron lips his rapid rollers seize 
The lengthening bars, in thin expansion 

squeeze ; 
Descending screws with pondrous fly-wheel* 

wound 

The tawny plates, the "new medallions round ; 

Hard die* of steel the cupreous circles cramp, 

And with quick fall his massy hammers stamp. 

The Harp, the Lily, and the Lion join, 

And Geokge and Britain guard the sterling 

coin. 

Botanic Oardem. 

Father. These lines are descrip- 
tive of Mr. Boalton's magnificent 
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apparatus for coining; the whole 
machinery is worked by an improved 
steam-engine which roHs the copper 
for halfpence, works the screw-presses 
for cutting out the circular pieces of 
copper, and coins both the faces and 
edges of the money at the same time: 
and, since the circulation of the new 
halfpence, we are all acquainted with 
the superior excellence of the work- 
manship. By this machinery, four 
boys ten or twelve years old are 
capable of striking 30,000 guineas in 
an hour, and the machine itself keeps 
an unerring account of the number of 
pieces struck. A higher treat an 
inquisitive youth cannot have, than 
that of witnessing the process of 
coining as it is carried on at the 
Mint, Tower Hill. 
Emma. And I have seen the 
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cyder- press in Kent, which consists 
of the same kind of machine. 

Father. It wbuld, my dear, be an 
almost endless task, were we to at- 
tempt to enumerate all the purposes 
to which the screw is applied in the 
mechanical arts of life : it will, per- 
haps, be sufficient to tell you, that 
wherever great pressure is required, 
there the power of the screw is uni- 
formly employed. 
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